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EL DESARPOLID !VffiiTIMJ DI MEXICD 

En el desarrollo mar!timo de México en esta primera 'pl~ 

tica hablaremos de la. evolución de la propia ingenier!a ma­

r!tima y c6mo la necesidad de la explotaci6n de los recursos 

del mar se han venido incrementando d!a con d!a~ es de todos 

conocidos que la actividad portuaria, y me refiero en espe-­

cial a ello, porque fue la inicial; el encuentro con los fen6 

menos oceánicos tuvo.una épOca de auge a fines del Siglo pas~ 

do y a principios del presente Siglo, en esa época, y lo en-­

tendemos en·forma clara, la tecnolog!a aplicada a los proyec­

tos de construcci6n y operación era motivo de condiciones --

a grupos externos dado que en México no exist!a ningun ante-­

cedente del trato con el fen6meno del mar, sin embargo, ah! 

se inicia la histo¿ia de la !ngenie¿fa en M~xico y su¿gi6 --­

un g¿upo muy distinguido de Ingenie¿os mexicanos que fue¿on­

p¿oducto de esa ~poca cuando se const¿uy6 el pue¿to de Veracruz, 

el de Tampico y el de Puerto México, ahora Coatzacoalcos, Sali­

na Cruz y Manzanillo. 

Viene po¿ el movimiento social de nuest¿a ¿evolución en --

1910, una total descontinuidad al grado que ¿enace esta necesi­

·dad de asomarnos al movimiento po¿tua¿io hasta la ~poca• del -­

General Cárdenas y po¿ lo tanto a quienes les toc6 ¿einicia¿ -­

la actividad marttima no tuvie¿on el eslabón de liga en aque--­

llos Ingenieros que a finales del siglo pasado y a p¿incipios -

de éste, hablan participado en la const¿ucci6n de muy impo¿ta~ 

tes obras portuarias, se puede decir que del año de 1936 en -­

adelante se reinicia con cero de antecedentes nuestra partici--

paci6n en la Ingenieria Mar!tima. Qu~ es lo que sucede ?, que 

•venía como primer paso, la rehabilitación de los puertos existen 

.tes~ para ese entonces, el Puerto de Salina cruz, por un fenó­

meno tristemente celebre podríamos decir, se encon~raba absolu-

tamentc azolvado, cerrada su dársena en ese sitio. Se conoce 

.. 
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que era el lugar donde se juega Beisbol, lo que ahora 

es la dársena, había un hermoso campo hecho por el -­

azolve natural del oleaje y el Puerto totalmente fuera 

de operación 

• 
' 

En esa ~poca al final del regimen del General Lázaro 

Cárd.enas, se reabre el Pue:r-to de Salina Cruz,pero tenién 

dese el problema costero de continuo azolve con volfrmenes 

muy importantes a dragarse para mantenerlo en operaci6n;­

desde el aspecto de los fenómenos flsicos,éuál ha sido la 

evolución por otros motivos -y con la organización de De-­

pendencias Oficiales contábamos con una buena estadística 

de vientos; ello en en el aqué~ entonces, llevado por la -

Secretaria de Agricultura. En épocas modernas ese fenó­

meno, el conocimiento de los vientos, ha sido incrementado 

por otro tipo de actividades, fundamentalmente la navega--­

ción a~rea y también la mar! tima:. ese fenómeno tan importa~ 

te en la concepción de los puertos, pues era un elemento -­

con el cual pod!amos decir que se contaba otrO fenómeno f!­

sico de gran importancia: era el de las mareas, a esos pri~ 

cipios y ahora hablo de la ~poca del año de 1952, el fen6me 

no de las mareas era una meta por alcanzar: el que tuvie--

ramos información real y verídica. Entonces qué fue lo -

que originó este importante fenómeno, que es para uste-­

des obvio el que el fenómeno de las mareas se refiere para­

el an~lisis de una serie de diseños de obras o estudios de 

fenómenos f!sicos:en aquel entonces nuestro conocimiento 

de las•mareas era muy relativo, tentamos mar-eógrafos que 

operaban en tiempo atr~s en un plan absolutamente burocrata 

con datos no confiables, etc. únicamente y exclusivamente -

... 
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en los puertos ya mencionados anteriormente viene una pro­

moción y el apoyo de la UNAM, de hacerse cargo de la toma­

de las mareas en forma directa y posteriormente de su aná­

lisis,publicaci6n de predicción, etc., que es la situación 

que a la fecha tenemos. Nuestra red de mareógrafos, pode-

mos decir·que a la fecha es de suficiente amplitud, que te­

nemos un conocimiento preciso, en cada sitio elementos sufí 

cien tes para que cuando nos toque analizar el fenómeno de -

mareas en cualquier punto de nuestro litoral, existen a uno 

y otro lado, en su cercanfa, información ya· con valor esta­

dfstico del fenómeno de las mareas 

Todos conocemos nuestros libros de Predicción de mareas y he­

mos confirmado la buena calidad de este trabajo, pero nos 

encontramos tambi~n con otro fenómeno muy importante para la 

concepción y la solución de problemas de cualquier tipo, de -

cimos de la'actividad portuaria en su plan de· reestructura-­

ción, fue el motor que reinicia la Ingenieria Maritima en -­

nuestro pafs. 

Sin embargo, qu~ sucede? que dfa,con dia se ha venido amplia~ 

do la actividad ligada al mar, cierto es que la portuaria 

continúa con el proyecto de construcción y operación de nuevas 

unidades en muy diversos sitios en nuestros litorales; viene 

de ralativamente pocos años a la fecha la actividad pesquera 

en forma muy importante que no es solamente el refigio del -­

puerto pesquero, sino la explotación de las lagunas litorales 

con los fenómenos físicos inherentes a su comportamiento 

hidráulico.· E" lo actividad petrolera "" sola!Óente interesa ol 

aspecto costero "" ol área marítima litoral,en '" o=po ,, 
transportación y ,, puertos, sino quo " ,. ol paso adelante y 

es la actividad '" 1• cual por necesidad ,, participa '" ol es tu-
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dio del fenómeno oceánico en si, por el hecho de tener es-­

tructuras de plataformas, de exploración y explotaci6n fran 

camente en mar abierto, ello dá origen a una t~cnica muy -­

especial y a la necesidad de contar con elementos de tipo -

estaa!stiCO de los diversos fenómenos entre los cuales des­

taca' el oleaje, el que nos interesa por un lado, para el di­

seño,de las obras de protección, .tos rompeolas, obras de pro­

tección de playas, el regimen costero o sea todo aquel fenóme­

no que modifica la morfologia de nuestras playas,saa creando -

fenómenos de azolvamiento o fenómenos mucho más graves de -­

fuertes erosiones que· afectan a áreas urbanas, a otras insta­

laciones y todo ello tiene como denominador común el conoci-­

miento del par!metro - oleaje Quá es lo que ha sucedido en 

~1, pues bien, as! como en el aspecto Vientos, resulta simple 

el tener informaci6n que en el aspecto :marea, también se ha -

avanzado satisfactoriamente. No podemos decir lo mismo en el 

aspecto- oleaje-, el primer-paso·que·se·di6 fue el-de-utili­

zar estadfsticas publicadas por otros paises; como es el ----­

SEA AND SWELL CHARTS, muy conocido por la mayorfa de los presen 

tes; el OCE&~ WAVE ~ITICSy que al no tener alguna informa 

ci6n directa del fen6meno del oleaje, no quedaba m~s que el re­

curso de utilizar este tipo de informaci6n que si bien, tiene -

valor estad1stico, porque es proporcionado por las embarcacio-­

nes que navegan por-cierta ~rea oceánica, dividiendo los-oc~a-­

nos en una cuadricula de SGx SGo sean grandes áreas oceánicas, 

considerabamos que al no haber nada, eso era representativo -

del fenómeno del oleaje en donde obtenemos estad!sticas de di-­

recciones de oleaje en forma mensual, estacional y anual etc¡ 

información también de alturas de ola y periodos de la misma y 

hab1amos considerado que se hab1a dado un paso adelante en el 

avance del oleaje. Claro que de no disponer de ninguna in-­

formaci6n al momento de tener esa informaci6n indudablemente --
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que fue un avance. 

En ~pocas posteriores y ~sto promovido por quienes tenían 

necesidades expresas, hablo en su principio de PEMEX, C.F.E., 

por la necesidad de también construir rompeolas ~ara sus obras 

de toma de sus diversas Plantas Termoeléctricas y de la Nucleo­

eléctrica_de Laguna Verde. 

se enfrenta también el mismo problema de falta de informa­

ci6n respecto al oleaje, adicionalmente y todavía a algo que po 

demos decir es hoy o es ayer, m~s bien hoy, se inicia la toma -

de datos directos de oleaje para apoyar los muy importantes pro­

yectos de Puertos Industriales. 

Así tenemos cuatro estaciones y dos más en proceso de insta­

laci6n en donde tenemos información directa de ese fenómeno. Al 

igual y con anterioridad en el Puerto de Dos Bocas que proyecta 

y construye PEMEX, per-o qué es lo que nos sucede con 'esta infor-

mación de oleaje 7 hemos llegado a una primera conclusión; que 

su relación con los datos estadíst~cos que se tienen de la info~ 

mación muy general del SEA AND SWEEL CHARTS y del OCEAN WAVE S!A 

TICS difieren mucho de aquella que se ha venido tomando en forma 

directa tanto en magnitudes de oleaJe como en direcciones y re -

sulta que es lógico esperar ese tipo de resultados dado que tene­

mos por decir algo, del Puerto de Sal1na Cruz, oleaje muy impor-­

tante en el área oceán1ca, representada por esta estadística in­

ternacional de dirección procedente del Norte;que es lo que nos 

pasa a la hora de medir la ola directamente" , la dirección que -­

provlene del Norte, viene de tierra o sea que ese oleaje es ine-­

xistente para las playas directas;qué nos interesa conocer? 1nci 

dencia del oleaje, en esa forma observar-emos como es una necesi­

dad imperiosa el tener nuestra estadíst"ica directa de oleaJe en­

sus características básicas, que son alturas de oleaje, periodos 



de oleaje, direcciones de incidencias y ahora energía del -­

oleaje a través de formaciones de trenes de ola, Sltuación 

que nos resulta de más interés en su apl¡cación a otra arma 

que afortunadamente ya tenemos ' ' en nuestro pa1s, que son los 

modelos hldráulicos y este fenómeno de captar nuestra situa­

ción real de,oleaje, es un reto al cual nos enfrentamos ac--

tualmente; estamos tomando oleaje. Aquel que lo necesita, -

por decir algo, la Secretaria de Comunicaciones por un lado 

y por otro lado, PEMEX, Comisión federal de Electricidad por 

otro lado y son ellos,porque son las Dependencias que tienen 

fuerza económica; no porque otras-Dependencias-no-tengan mis­

mas necesidades, podemos poner un ejemplo. 

El aspecto de los puertos pesqueros, qué sucede ?, al final 

de un puerto pesquero, el fenómeno marítimo, lü magnitud de 

la ola, etc;, son idént1cas que si se trata de hacer el puerto 

grande,- entonces misma necesidad se tiene para la concepción -

y localizüción de nuevas unidades pesqueras que- estén en fran­

co desarrollo y al igual en una actividad que está por nacer -

como es el puerto turístico; nos sucede exactamente misma si--

tuación. El fenómeno fÍs1co feneral de oleaje, mareas, co-

rrientes, vientos, etc. inciden en idéntica forma al tener un­

puerto de juguete, como podríamos llamarlo, que es el puerto 

turístico, pero con idéntlCO concepto en su concepción, en aná 

lisis de resolver en forma económ1ca y adecuada el problema fí 

s1co que hay que resolver, de protección, que no erosione zonas 

adjuntas, etc. y que obviamente la actividad turíst1ca que no -

ha tenido tradicionalmente una vocación hacia el puerto de de--

portes náut1cos, pues a su vez carece de med1os, es te reto -

simplemente lo pongo a consideración de este dist1ngu1do audl-­

torio. 

. ... 
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Una necesidad nacional: el que organicemos a nivel 

país todo lo que corresponde a ir planeando esta estadística de 

oleaje y que en función del tiempo, así corno en aspectos hidro­

lÓg~cos, veamos hermosas estadísticas . De mucho tiempo atrás -

el dÍ~ de mañana nuestra información directa de características 

de oleaje tengan mayor estadística y podamos tener las tesis -

para equivocarnos menos. 

Otro aspecto interesante es el aspecto teórico, 

cuál ha sldo la información en el conocimiento del subsuelo tan­

to en tierra como en ~onas cubiertas por el agua. 

Ha sido una Sltuación parecida a la que hemos expues­

to de los otros fenómenos. 

Recuerdo épocas en· donde la geología era considerada 

como algo de brujería, algo en que no había necesidad de porqué­

gastar dinero; ·encontramos en nuestra actividad profesional una­

total y negativa reacción a hacer estudios geolÓg~cos porque an­

teriormente no se usaba,en que hubiese este t¡po de análisis. 

Ahora tener una conciencia completamente clara de su importante 

neces1dad. 

Qué sucedía al no contarse con ese tipo deinformación, 

pues necesariamente errores grandes y cuando se emp1eza a avanzar 

en ésto, se participa de la geol9gÍa en zonas de tierra y en zo­

nas de mar. Era muy complejo y a la fecha sigue siendo complejo, 

no porque no se tenga la idea de qué es lo que requerimos, si -

hablamos de los datos geológicos, me ref1ero a la mecánica. de --

suelos. Cuando a mí me tocó estud1ar,esa materia no existía. 



8 

Surge en esa época como una materia optativa, quie­

ro decir ésto, que de esa &poca, estoy hablando del año de 1950 

eso es cuando participamos en estudios geológicos y todos los -

estudios correspondientes a la mecánica de suelos. cUál es -­

nuestra Sltuación actual,? bien, la import,mcia de la geología­

es un concepto·claro para todo tipo de proyecto, pero el probl~ 

ma de obtener datos geológicos en la zona de mar sigue siendo a 

la fecha, un problema que sOlamente en aq~ellos proyectos·muy 

importantes es factible que téngamos ese tipo de lnformación de­

bido-en forma simple;a lo especializado del equipo.que se requi~ 

re y en consecuencia a lo costoso de ese equipo. Esto se ha ---

ameritado y se ha hecho el esfuerzo económico de tener informa­

ción geológica para los proyectos ~uy importantes de Puertos In-

dustriales. Difícilmente en algún proyecto de algún puerto 

pesquero, y no díga~os turístico ,pues es información la cual 

sólo con supuestas analogías, cte., es que en los reconccimien~ 

muy superflciales ·, tenemos que aplicar el ingenio a efecto de -

tener que resolver las obras sin los•suficicntes elementos de jui­

cio al respecto. 

Allí tenemos ese otro aspecto que va encaminado fundamen­

talmente a la enfilación y participación de grupos que se dedican 

a la Ingcnlería Oceán1ca para ir contándose en función del tiempo, 

con mayores elementos, y que podamos hacer los estudios que se re­

quieren en rne)Or forma y participando en forma directa con equ¡po 

propio, con equ1po nacional y que no téngamos que recurrir, al ca­

recer en nuestro país, de recurrir al apoyo de otros paises y que 

necesariamente al tener que traer embarcaciones especializadas, en 

fin, pues nos resultan acciones caras, pero no queda otra solución 

más que ella ,mientras el propio país no disponga de los medios -­

para ese tipo de acciones. 

. .. 
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En el aspecto de dragado, t<lmbién-viendo la enfilación 

del dragado, Qué es lo que sucede?, que ese atarán de varias­

décadas que se tuvo en la operación portuaria, pues obviamente -

la actividad de dragado tUvo misma situación, lo primero que -­

surge qué es ?, el dragado de mantenimiento; el que puertos como 

5alina C<"uz, operacen, el que puertos sujetos a un con~ínuo azol­

'vamiento por estar en un río, me refiero al Coatzacoalcos, pero 

básicamente al Río Pánuco, pues esa actividad nace como una nece­

sidad imperiosa ,qué pasa en ello ?, bien el tipo de dragas para 

dragado de mantenimiento, sonde la concepción de utilizar el ma­

terial dragado para rellenar terrenos, como es en el caso de pro­

yectos nuevos, el tipo de draga que se empieza· a utíl1zar para -­

esa rehabilitación y habilitación de puertos exlstentes, pues el 

tipo de draga auto propulsada, o sea draga con tolva que tendría 

que salir mar afuera y depositar en algún sitio adecuado. 

Ese·fenómeno de detectar cuál era el sitio adecuado fue­

y resultó ser motor para participar en los estudios del comporta­

miento general de depósitos en " X " sitio y hacía dónde es que 

se irian, y cam1nar por la acción de las fuerzas vivas,princlpal­

mente de oleaje, de corrientes dirigidas por el v1ento, de mareas, 

e te. , y surge como necesidad de análisis, el aspecto del campar-

tamiento de ese tipo de dragado. 

Datos específicos: Tampico, como lo he dicho y básicamen­

te el de Salina Cruz que era un puerto que seguía siendo vícti­

ma de un muy importante azolve en muchas épocas, por enc1ma du las 

necesidades que el pais tenía para sacar ese material que se había 

introducido a la dársena. 



Vi<!ne la participación por falta de el<!mentos, por falta 

de medios de que hay que dar solución a este tipo de problemas Y 

poco a poco se-va resolviendo al grado de que podemos pensar que 

a la fecha esos problemas han quedado absolutamente bajo control. 

En el caso de·Salina Cruz, por una clara concepción del 

fenómeno costero de la acción de la ola sobre la confor~ación --

playera. Por la experiencia con datos de-volUmenes que se tenían 

ya por muchos años de aquello, que año con año se dragaba; la 

idea clara de cuál era el gasto sólido litoral, etc., y se llegó -

a una solución que. a la fecha no existe ningUn problema de dragado 

ahora con la construcción del muy importante Puerto Petrolero y -

a corto plazo, del Puerto Industrial en esa zona, resulta que ese 

problema, es un problema que podemos decir, que pasó a la histo-­

ria con una participación importante de la técnica mexicana, habién 

dose tenido necesidad de recurrlr a sistemas ingeniosos de tipo --­

económico a base interpretación de planos de oleaje, hab~endo crea­

do el sistema gráfico de comportamiento de playas que nos daban --­
ideas muy generales,pero volviendo a lo mismo que de eso o nada,eso 

era preferible, viene un avance ~s importante cuando a nivel pa1s 

~mpezamos a participar en la Ingenier1a Experimental encaminada 

precisamente al comportamiento de playas y al comportamiento de las 

estructuras, para mejor resolver los problemas de agitación y al ~ 

diseño ya al detalle de los canales de ola, para definir la sección 

transversal de su estabilidad, para diferentes condiciones de rom-­

peolas u obras mas pequeñas, para protección de playas;. 

Este fue seguramente el avance m~s firme que en los últimos 

20 años se ha dado y su evolución a ~pocas recientes donde ya con 

tamos con diversos laboratorios cada vez con m~s 

con m~s intercambio; como est~ el del Instituto 

presencia t~cnica, 

de Ingenier1a de 

de la U.N.A.M., el del I.P.N., el de la Dirección General de Obras 

Marftimas,dependiente de la S.C.T. y tenemos inicios de laborato--

... 
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rios de otros lugares de provincia donde creemos que este paso 

haya con fines docentes de difusión ,la t~cnica de la Ingenier!a 

Experimental y el dfa de mañana redituarán para una mejor con-­

cepción de la obra mar!tima, para una mayor economfa en su cons­

trucción, 

En el aspecto de estructuras y de ahf hablamos de estruc­

turas en zonas de calma dentro de los puertos también ha habido -

una evolución, imagínense ustedes cuando era la epoca que ha­

bfa que diseñar un ( X ) muelle y se consideraba que el estu-­

dio geológico--era inútil, --que-- cantidad-de--errores- no fueron 

los que se acumularon por ese subdesarrollo en el que se inici6;­

d1a con dfa se ha venido avanzando en ello y su participación en­

estructuras cada vez más coffiplejas por un lado es 1~ clase de es­

tructuras, es el muelle de cualquier tipo, dependiendo de las con 

diciones geológic~s que vamos encontrando en cada lugar por la -­

participación· de-otro tipo de actividades como son las obras de 

toma que requiere la Comisión Federal de Electricidad, como son 

los diques secos que a la fecha construye Astilleros Unidos en su 

actividad de infraestructura para fomentar la muy necesaria indu! 

tria naval en M~xico, en sus aspectos de reparación de buques y de 

construcción, ya que el pa1s está entrando en serio en esa activi­

dad, pues ha sido satisfactorio que ese tipo de estructuras - son 

estructuras que en su construcción, son totalmente nacionales 

o sea que son producto de la t~cnica mexicana, de los constructo-­

res mexicanos que están atacando proyectos que en otra época podr1~ 

mos considerar como muy ambiciosos. 

Bien, en resumen la infraestructura portuaria, haciendo a un lado -

lo que queda fuera de la costa, podemos resumir que básicamente te­

nemos dos tipos de problemas a resolver, uno que corresponde a las 

obras de protección que son los rompeolas en sus aspectos de esta­

bilid~d por un lado y de equilibrio del regimen de la costa, dado 

que cualquier obstáculo que pongamos viene a alterar ese regimen -
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natural del transporte de material, por ~fecto fundamental­

mente del oleaje y eventualmente de corrientes. 

Ese es un capitulo muy bien definido, la obra de protección -

en su concepci6n conjunta, repito, su situaci6n geol6gica en 

el aspecto estructural, el aspecto de su comportamiento para 

resolver la agitaci6n y dejar zonas operables dentro' de §reas 

internas protegidas; los rompeolas y su aspecto de no alte--

rar negativamente a ese regímen litoral. En ello podemos re-

sumir a qué le vamos a enfocar para las obras de protecci6n. 

En el aspecto de dragado, necesariamente viene el otro capitu­

lo importante que es adecuar las profundidades para las necesi­

dades que se requieren, dia con dia, por desarrollo general del 

pafs; estamos cayendo a la necesidad quizá un poco en forma -­

anacr6nica porque lo hubieramos de haber hecho anteriormente -

de adecuar las profundidades de nuestros puertos a las necesi­

dades comerciales de navegaci6n. Esto traé en sf como con-­

secuencia que. la actividad del d-agado es muy importante, pri­

mero por el excavar el material bajo el agua, el segundo, el -

tratar de aprovecharlo para habilitar zonas bajas que tenemos 

alrededor de los puertos, o en su defecto, si nos vemos obli-­

gados a depositar el material en el mar, que sigue habiendo ca­

sos de este tipo en que los depositamos con toda seguridad en -

aquellos sitios donde no va a originar daños y problemas a ter­

ceros. 

Bien, este aspecto del dragado nos enfrentamos a que .ahora hay 

que dragar en periodos muy cortos volúmenes mucho ~s importan­

tes de aquellos tradicionalmente lo hacfamos; también traé una 
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consecuencia en su evolución, en la medida en que disponfamos 

de equipo. Bse ritmo de desarrollo del país y ese ritmo de 

desarrollo del dragado a la fecha, al tener que resolver en 

lapsos cortos problemas de gran volúmenes de cxcav~ci6n, aje­

nos otra vez a la necesidad 'dé·recurrir a quien tiene el equi­

po adecuado y que en todo caso son empresas extranjeras en --

nuestro pafs, tenemos ahorita en este preciso momento varios 

ejemplos de ello y necesariamente es una labor conjunta de la 

concepción de la programación del dragado y la participación­

de grupos privados y oficiales para resolver en mejor forma 

en beneficio de nuestro país, este fenómeno del dragado que ha 

tenido una expansión brutal; podríamos decir en los últimos 

años, pero qué se bislumbra, que 6sto va a continuar en los­

próximos anos, tanto en·proyectos que est~n en proceso , como 

por proyectos.que est~n a nivel de estudios justificativos. 

Buena parte de las conferencias que ustedes van a escuchar -­

ir~n al an~lisis del detalle del aspecto estructural de los -

rompeolas. Ah! también hemos tenido una evolución en el sen-

tido de las obras de protección que nos tocaba realizar en anos 

pasados, eran obras relativamente pequenas y ahora nos presen­

tamos a obras a mayores profundidades, mayores volúmenes de 

obra y de menor tiempo para su ejecución. Ah! tenemos otro re-

to que es el adecuar la tecnologfa mexicana en su gama total -

de su concepción, al uso de la Ingenier!a Experimental hasta su 

construcción y operación , en su caso, entonces ah! ver~n las -

distintas técnicas empleadas y también observar~n que ha habido 

una cierta evolución contando en todo momento con lo que a tra­

v6s de la literatura mundial accesible, se tiene para resolver­

estos problemas el avance de la Ingeniería Experimental'y cu~l 

1 
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es la situaci6n actual en la que vamos, que necesitamos -

seguir avanzando para obtener proyectos absolutamente eficien­

tes y seguros a menor costo en las siguientes conferencias; lo 

que 'aqu1 he expuesto en una forma general, seguramente va a ser 

analizado en.diversos capitules en forma más detallada, para­

que tengamos-el concepto global de ad6nde vamos; qué es lo que 

tenemos que apoyar cada uno de nosotros en el campo en que esta­

mos colaborando para que nuestra Ingenier!a Océanica, d!a con -

d!a continúe avanzando como hasta la fecha • 

Por las propias necesidades del desarrollo del pa1s, ha-sucedido 

al aumentarse las necesidades , necesariamente el reto, básica-

mente para ustedes, me refiero muy especfficarnente para los j6-

venes, es un reto amplio, de gran responsabilidad y que sola--­

mente con el esfuerzo personal y con la colaboraci6n del conjun­

to, podemos salir adelante. 

G r a e i a s 

·- --
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que n coloquen odo,.dos o loo rO"'peol~s. (\6), (10), (IJ), (g), (S),• 

{12), {~J) y (J8) 

ol trlnolto upedltc de loo c.,nloncs y lo operocl6n de loo gr.Ju ooo 

requiere lu~l!n pro><9•• el ronptolu con u•• <O<OU do roco Ñ$ 119.!0 

ro que lo dol lodo •~«rlor, lo que o'" •« debe o¡><>yo,.c en""' <>o• 

ucundorlo o filtro que o<rope r p<o<cJo ol n;jclco, CYondo el '""'•'oc-

In ••• del tipO re:..Osnle deber~ •c•ificonc que tonto lo corazo <"el 

lod~ lnudor """"' lo co<O<IO, no ruuhcn crool0<1oblcs por ene ofoc:o. 

m , (r~J 

otroquco al pie de loo coruu, que tienen lo do~lc fondón de <<r•i•· 

do apoyO o.,;., Ultl .. ., y ut~on <0700 ddensu conuo lo crooi~n cn-

lo booe de loo Uludco de lo <Hructua. (1), (11), (IJ) Y (1•). 

• 
hr G1tl...,, d0pendlondo de lu uro<tcrl"ico< del f""dO .,..dno en ~·• 

oc de>ploMo el rompeol.,, conveodr& Incluir <0<"'0 p.,,. del p<oyocto lo 

c...,urutc16n do uno photlllo ~O rooo (;n el dooplonte do lo ob•~. ~·•· 

ns de h •~••••· tn uooo """""'de r.,..doo o.cnoooo o..Jf Fin'"··¡" 

- 1 ·. 
'· 

o O o>< ~e un ~eotut i 1. 'en ••• de h plont lila de .-o<: o. (JS), {~t) y {!lo) 

Poro limitor lo erosi~n al pie de lo 

llumiento de los ...,torio le< colocado< en el tolud de lo obra, rooulu •• 

"'"Y reo<>"'en~oble e~ten~er geoocau ... nto la plant<lla de roto,'"" o sin 

.,,..~ue de lo corozo .(1~), {}!), (10), (11), {1)) 

• 
renicn~o en ""'"" 1•• Funcloneo bh1oao que dcoe"'pe~or~n loo dlv<e<oo ala 

~ente> conotltutlvoo. de un rompeol.,, que eo t<inninoo muy 9en<roleo oe 

~n rl<<Cdta, ruul<o pasible preciur too cdtedos de dhefto poro'" di 

te el prooe<o de CQ\Qcaci6n de lo< "'i<mQ<•{l9 y {llo) 

'""'?eo\ao, Co~e odvertir que todo \o quo oeri e•pueoto •• l9uol,..nte •­

o~lio.ble a la conHrucc16n de .,colloru y espigoneo, 

'· 
~odo ~ue h rQU <> el ""'teriol que CO'Hituye h .,.yor :o-orte d< 1~, '""'P! 

ol" ~talud, rO<ult• de p•rtl~ulor ;~portonc1o lo locoliucld~ y <l'oo<u• 

dio de 1 .. • c•nt<rOI, de lo1 <u~l« puedo e>trune roco de 1• colldod ode· 

'"""'y<' <a"tidod solicienoe, que •• tr•~•pon• en for"' ••9<dlto y «o• 

.,&,leo ho>to el <ido de 1~ obro. 



-~ 

Tira 0[ PRU[~A 

IM...,~orl<.., ~<•l<'odo (rul.,enclo 

o loo •~lfato•): 

~6dlto e- ea 
~ognhlco C-88 

Ab<o'll6n c-~7 

C-1!7 lg~ol 

~uluendo o lo cooopruiM t-110 1 guol 

C·I)S 

. --- . 

li•ITES CE 
M!PT>31U;~O 

' • ' ' 
' • J,St 

'-' • " 
o ""~or • 2.5 TM/" ' ... Kgh=> ' o ~•y<>r o 

lS o l>t 
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,_ 

el proyocto o lo dl>potlibilidod de eue motoriol. En CO>o de que"", .. 

como p.,te del prc«<o de e•plotoel6n de lo c4ntoco •~ Incluyan t>"'biln 

¡., Opecodoneo de acopio y closilic.d6n do lo roca, de ocuerdo con loo 

diforont« '"""""'y eontldodeo roquodd01 o lo lorg<> de lo eonurucci.S.. 

'· 

roqu<ridoo en lo con u e•terlor de loo ,,.,oeolu,,0 recurre ol u<O de 

ele"'entoo p«tolodoo de Concr<to hiddulico. El proy<eti>to pueO< ele;• 

gir <ntro uno 9"" VHi<dod de elemento• precclados.co""' cubos, <•ltilpo• 

cos, okCYJn, dolo•, o<c. U<. (~6), (1)), (ló), (J7J y O•J 
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o~toner durobll1~•~ c i~r....,•bindod, .. ce<""''""" 1~ oog.,iente: '""'!. 
nido,.¡.¡..., de ec . .,.ntonte= 110 ~g/,.l, <uond<> •• tcn~on og .. ;o~o• eon u"!. 

eotre 0,15 y 0.50. 

' lo ...,nejobilidod ~·loo coocrcto<, con lo 

' c-o<od6n del con<r<to dentN> dc loo ,..Id<>, o fin do ob«nH ~• con<•!. 

to denoo, con el "''"1"" de, ~oroo.(H); (~G), (J~l y {IS) 

'"'lo~"" rupoou o lo ruiuendo'o lo <""'prc<i6n luo deberi ou <M<> 

t~ini"" do 100 ~g!u-.l cuando oe utilicen ogre,adoo con, ..... ~., . .,.¡.¡.., d< 80 

In, <vyo di..,MI6n <U ... ,.,, por lo"'""' ol doble d• lo"'""'·'' roco· 

"'londo uno rcolucndo del orden dc loS~CO ~gto~1 con ogrogodoo de 50 

' 

t~""I<O .que oc gene•• duroote el procuo <e hidr.tod6n del oo;oen<o, q"e­

,. trodwco en uno di,.olnuci6n de los ufuer<<>< t<'r011coo du<Ona el ~roe<• 

' ouiUdo final u obtiene un uncruo ..So denoo, ;.,p<r~ublo y ~• ~•yor du 

' 

. ' 
"· 

loo ovte~odo<~ el cc~<MO y en ou Cuo lo oucolo...,, u hor.ln proclu.,.n• 

te' por o•oo. Du;onto el llcnodo de lo• m()ldu •• orocu-.r~ cvlror lo'!. 

' 

' elc.,.ntoo precolodo> 

Ruulu lndio~cn••blo ele< tu., ..,.. curodo odecuodo dol oco-creto, 9t0ocrl• 

1 blondo pua ,;,. fl~, el v•o de o~uo do ...,;. durontc lo1 prl....,tu H ho·• 

)''' ~••ouh <le tcr<>lnodo el cohdo.(J6). ' 

1flnol ... ntc, u rec""'lendo ~uc lo> bloqueo"""""""'''" oin ..,•ene en el• 

1 ootlo de cohdo por lo meno• 28 or .. , ontco de oer tron>porudoo y coloc! 

1 
¡do> en el rompeolo>, poro dor tle~po o que el concruo okonce lo '<111• 

' ; lcnclo "'P«Ifl<odo, Cuando 10 uoo pouoiOo\0 oe<l ne<eurlo ,...,.nUt ~1 • 

(lb) 

4,1, '"'" ortl ficlol 

' capo occundorl• o dlc~o rooo te>ul•e o un ecuo '""Y cle•odo, puede .,. •• 

' i co. (\6) y ( 19) ' 

' : lo 

' 
ro<o onifOciol u fobrlco '"'""un coneceto nor.,.l. wtill>o,..-0 ,.,....,. 

1 molde• <>nj., «<>••~" en loo u .. .. e• fra 

: <;uO~O <1 coocroto 1< pto<od< o 



"· 

•ttlflclol, u cuyo c .. <>, p.ara obHir '" co><o convlcoc '<~uclr el cnn 

ton Id<> do u~tntonu o """' lOO ~g/n1 , con uno re he iOn o;uo/e<~.eooc -

Nou do o.&s. 

'· 

chdoro, hn pronto""""' 00 onf<lo el uuho fundido<< olconun •«i< 

"nolu ~·· llegan o''' do )00 o 400 ~gl<m1 1e;Yn la do>Hicod6n •~-

pl .. do. ti p .. o upedfico del oulf~crHo •«ulto ~el orden de 2 lCV • 

1 ~~~ ~~,,.l-

' •' 1 

"· 

tituoi6n de un ,..<oriol por el otro. 

;con.;enc pe• lo tonto, propldor lo invcu1goc16n bhiu 1 h ••pori-.! 

·¡ ul ~· e<to m>torial .,...,. conocor <u d»robllld~d en lu o~••• .,.,ltiN<, 

1 poro lo cual •• 1u9ierc color vorico bloqueo do <ocou dutlnodo< o loo-

ro.~;>eo\oo de olgunoo do loo puenoo induUrlalu ~ue 10 euJn """'"">'.! 
do en ~-O• leo, poro inido. lo obser.oci6n de ou c""';><>rUIOÍOMo en condl• 

1 ti<><><> roolu de tca~~Jo. (1), {16), (J1) y (H) 

l. 
' 

(n T~, Oltl"'u dóco~•• <<ka do•.,rollodo una ~uovo tocnol09fa para u•ar 

filtro• de f!bru olnT~tlcn •~ ol dooplant< do obro< ~rltl,. ... htoo• 

flltroo, ~uo ~onOrico...,nto oo co...,<en con el n,..b,. do gooto•tlloo. oo • 

k>" ·~licado con biT<> en diveroo< lugoroo """"en Tu obru del flan ·• 

y looi>rugg<. 

vonOo a cai>o en el 

: :l.S .,;T]ono• do """'00 cuodrodo• en el óoovlant< gonor>l de en• ..,n'""en 

' :u! obro do ingoni<rlo ...,,¡(l,.a. 

;roro colocar el gootoxtll en el doo~lanu de lu onrutturu ,..,¡,; ... , 

,. M porloccionado un <i<tt~.a • baO< do Tu hJI~• tipo flolandh, do 

' 160 '"· do Torgo y )D "'· do anc~o. (Ho proc.di.,lonto t0$ulta pr~uico --
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1~ coloeod,.. de lo upo oteun~orlo, 

[~ cuo de o~eMZO de ... 1. tlc,.po el "'""' de ~úcTeo yo con"rufdo ~•~•· 

rl praugcroc can h raco d~ lo copo •ocundorla y en cua< •••••""' •e· 

(IS) y (~¡) 

poro colocar lo roca u lo porte e•terlar del n~clco y en lo coN ,.cu.c_ 

dn ,..S, "~dldao que el noturol de lo raco de;><>oi todo o oolteo. (1,¡) 

Eo '""Y l,.;><>rtont< ~•••• hlncopil en lo ncce>Td~d de cue el lf,.ite .. :e· 

•lo• del n.Kico q"de '"9"'"· '"" cuoMo hto i"'IIc•• uliroc '"' ,o<a 

de lo '"'"''''0 uOriu que ""'Un loo plon.o>, • fin ~· que lo oo~1 oe-

• 

do lo obro dobe ~roOTbir cut>< ofine h >uperfidc :0 can:oe:o o cue • 

•• •••• rcfcrcncio, P"U COft ul ofTnc u propiclot~ h fo=eión de un 

cu que ""''<0" lo< plonoo. por• que e~ cito for"" lo corozo. bien uo -

rlo, poro rcduelr lo pooibilldod de u~ dullzo,.Tento del ... nto ,,urlor 

(lO). (11), (12) y (14) 

5, "-

grUo. [><C ~''""' pro«dl~lenu> u "•« c.t~nol""' 1 1• ~ol~coci6n de ro 

<• Oc corozo y lo• ·; ".".O', prceoloda> de conercto poro 1• ,.¡,,.., (~l) 

Ourontc el proc .. c d,e colocar leo bi<>Qu<> prec<>lod<>> •" lo ccrou. ,..,. 

que •e•pcur 1• <>~ceTrlcoo16n que ""'que el prol'!'cto >obre <1 ,,¡,ero 

de ol~rncnto> oue de~'" eolocor,o '"""'mini....,, en doi c•p•>. ocbre uno-

,.;,.~. porc>idOd on die~• corou y •e cubro total""'"'" lo ••o• >«•M•· 

r lo. 

,. "n di•pooltivo de luJe que n.o lo1 o••• y ol ,.;,...,tiempo hcillto lo 

operacl6n de ~ooc••>orlo• en el tolud del '"'"pcolu • 



1"' P~ortoo d-. Doo &ouo y <1 COiié~. so •«o-niend• Qu< los blo><:vo> •• 

quede~ con'"' ''""'., op•o~i""~a .... nte per~en~lcul.,.es ol <olud do lo· 

coo• oee~nd••lo, tn lo or~<tiu se ~ eo<ent<odo, ••~edol.,en<o en •• 

Jntlfor, qwe '"edlonte eo<o p•oooución lo> bloquo. >< ""Mionen ~•jor • 

~n '"lugar {18), y no proplclon el r<h.-e de r., olos, 

Du'lnte lo r .. e de dl .. ~o deben onollur<e las di.,.n>i<)O<> de lu g,;;., 

do diHintoo tlpoo y copoddo<oo qu• seró pooible utiliur ~··• colo<.O, 

loo ele...,otoo de co•o<O, •~ •irtud d< que é"o influirS M el oncho mi· 

ni- de corono requerido duron<e lo con>U~>Cci6n, ~~ oncno noceurio • 

farO lo ;•Üo deberl ou~e"""'• <u>"<<>,,¡ con•<ngo, <1 correo~ondiente 

o un corrll poro el trl~oito de loo u.~;""" ~uo colocuón o •<>•«o el• 

.,H«Iol del nYcleo ,odelon« de lo ;•~o. 03} 

h ""Y ,.,_endoble quo lo coloc.clcSn do loo bloou., de coruo ,. rooll 

« con lo grUa o~oyodo pred'""""" oo~re lo corono del ro,~ooloo. yo 

Qvo cuon~o lo 9'~' oe '""nto $00'< un chol~n. fe<ulto ""'f inp<eeiu lo 

U procodi~lento, puedo e"'oleofOe uno 9'~0 ..,Udo en una ~'""'• •vtO• 

ole•oblo (Jot~·up), oun cuondo u~e od•er<i• que lo utiliución ~e «<e 

1lsteNo ~obo onoli,..,e culdodou..,nte de<de el punte de vl<to eeon.;,;. ... • 

'· 
{...,.u dijo en lo lntfoducción, lu fo•e• de dioe~o y con<:Cucc06n de· 

un "'"'><OI" t<Quieren o•co ou ~·~ido coor~ino:ión, ~·lo ,~lito O•>•".!. 

ucl~n oportuno de uno l"id<Od• ~< tcnuructi&ll, 1• <u•l oH~ re>~on-

"· 
•nle de que 1• obra·•• con!tfuya pc<cl<•"'""'" de ocuerdo con lo• oh""' 

y upccOfic.elcnu del proyooto. Tendrl <u cor;o el eJercicio <"duo 

del cont•oto; vig!lari el control de colidad de to<IO< yudo""" de lo•· 

ole...,ntc! con><ituti•o• del r""'pecl., y <upervi•••& tod•s lu ,.,., de­

eolooacT¿n de lo< diferente> ele~entco que lo for~n. 

Poro cu~olir ouo funeioneo lo Reoidenclo de tonouuccl6n deberi dioponer-

" de <uficiento ;c"on•l oopocloli,.do, oue a lo •« que conotco o fondo-· 

loo cdtecic< bl•icco quo nor.,..rM el dioe~o dol proyecto, tengo <•o«i•! 

e lo en el co"'po y ""nte'o~le•to y rle.lt•le P"O euudiar, re<houc e OI<J!. 

"'• en •u •••o. lo• pcocodirnien<o< de con.<rucción que prop<>nqo el ecn·­

t<O<i•u, d< ocu .. do con <ul recu.,O< dhponibleo, oi<'"~'" y ••••do el or.!!, 

Gu«<> finol •upondo o loo '<qui<it<>< de dioe~o y calidad p.eeotobleoido•­

Y << lo;ce,ejecut" lo ob" en el ~enor tiempo poolble y ol ... , bojo <D!to, 

!.Solo"'"·" boje,;,., eondiclcne< ,.,,¡ po1ible que lo cbco que .. ~""'""'' 

•eopondo o lo finoli<J•d bhico P"'' lo que fue di><"'d• y utor.i en condl• 

cion•• ~· tu"'plit ootisfoctori•"'onte '"' funclon<> o lo lor;o'de lo yldo• 

'til pto•i!to r••• lo "il~. No deOo olvido'<< que el r""'PeOI".,""­

elemento de infcoesuuctuco bhica cuyo foil• 0"<1•1 o toUI pod•¡ ente.!:. 

o«•r o oun lle;or a po,.ITur lao lobo"' de operocl<in portuario, que al 

final do <uentu. <MHI<uyen la""'" b.ioico o o\unt•• en <uolquia ~"'"!. 

Todo lo atención y eofuo"o que •• oreO\< o lo ouper•i<ión y cont,ol do· 

lo o~ro. • lo lot~• juotlficor.l eon """'el ecuo de lo ~uld<ncio de· 

(OMt•oeoiOn, pu01 mc<Jionte '" inter•cnti6n 1< controlocJ IU eJercido­

P'""P""''ol. •1 ,,;,,,o tiUpo ~"~ >< ~orontiat.i '" '"""" CO"'tfu<ei6n 

conf<>'"< al oroyecto, lo cuol·,. ccflejorl o lo l.,g•. <n un,.."'" couo 
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,, 

ele que ocurran falla~ tatastr5fioas como las rcgistradu en algunos '<>'.! 

da Vinti: "Cuando lcngas ~ue lid<ar to.n el •sua,ton•ulta pri,..ero la· 

expcrienda y do•puh nuon~". • 

li•DO PU:':HTO 

~~;;~~~~--,--~··=<~U~O------~~--;-~j;~~--:-~,~,--
croTI n•L/ 
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Desde los comienzos de la civilización, los márgenes costeros de los continen 

tes y 1 as i S 1 as o free i e ron a 1 ho::lbre una amp 1 i a variedad de recursos Mtura 1 es. 

Inicialmente, estos ambientes representaron áreas productoras de alimentos y 

v(as de acceso al transporte y operaciones comerciales. Al principio, las 

regiones seleccionadas para tales propósitos se localizaban en márgenes 

costeros protegidos o bién en el interior de estuarios; sin embargo al increme_!! 

tane ]as transacciones comerciales, se hizo evidente la amplisción de puertos 

y la construcciÓn de estructuras que asegurasen el uso continuo de dichos 

' puertos; con ello, el hombre comenzo a interaccionar directamente con los pr_Q 

cesas naturales del Ecosistema Marino. Con la ampliación de canales natur~ 

les se dió lugar a prácticas rutinarias de dragado las cuales diéron paso pos 

teriormente a operaciones de construcción de muelles, rompeolas y canales 

artificiales. De esta forma, el hombre inició la modificación del ambiente 

acuático, creando así procesos ecológicos muchas veces, unidireccionales e 

irreversibles. 

En 1 a actual i dad los grandes núc 1 eos pobl ac; iones de 1 mundo se ha 11 a" conce.!! 

trados precisamente en los márgenes costeros de los continentes y ]as islas, 

lo cual evidencia la urgente necesidad de establecer un uso y un manejo racio 

nal de estos dos importantes ambientes ecológicos. 
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Las zonas costeras constituyen para muchos países, la principal fu< 11te de 

recursos n¡¡turales y la vía de acceso al comen: lo internacional. La 

continua modificación de estas áreas y el creciente acumulo de productos 

de desechos de la industria y centros urba'nos son en el presente, motivo de 

gran preocupación para científicos, planificadores y legisladores, 

estas circunstancias, se hace imperativo el estudio y la comprensión de los 

procesos naturales que tienen lugar en el Ecosistema Acuático, teniendo en 

mente, que un Ecosistema no constituye un~ simple abstr.lcción, sino que si_g 

nifica un complejo sistema de organización en el cual interactUan comp.2 

nentes bióticos y abióticos; lll!lbos crn~ponentes mantienen entre si, un delicl' 

do equilibrio, gracias al cual, dichos EcoSistemas Acuáticos (marinos~estul' 

rinos) mantienen su estructura y su funcionamiento óptimo. 

En la última década se ha dad~ realce y gran difusión a la conservación de 

la naturaleza; sin embargo es oportuno clarificar algunos conceptos ecológl 

cos que pueden contribuir a la introducción de puntos de vista ambientales 

en la ensenanza y en la formación de profesionales cuya deci~iones reperc.!! 

tir.'ín directamente sobre la evolución de los Ecosistemas Acuáticos. Para 

lograr este objetivo, es importante disociarse de todo sensacionali~mo ama 

rillista y reconocer en la Ecología, a una disciplina científica cuyo cará~ 

ter objetivo y multidisciplinario nos permite interpretar el desarrollo y 

funcionamiento de los Sistemas Vivos como partes de un todo. 



- J -

Atendiendo a los intereses de este Seminario de Ingenier-ía Oceánic.:, a con 

tinuación se ofrece una versión resumida de los principales conceptos sobre 

Ecosistemas Acuáticos, los cuales servirán de base para la exposici6n oral 

sobre el tema. 

Introducción al estudio de los ecosistemas. 

Concepto de ecosistema. 

El ecosistema puede entenderse como-un sistema ecológico constituído por 

elementos vivos y no vivos que presentan un Íntercambio de materia y energia 

dentro de un proceso dinámico de interacción, ajuste y regulación, con una 

estructura y función caracterfsticas, y cuyo resultado es la evolución a nl 

ve! de las especies y la sucesión a nivel del sistema entero. 

La comunidad, o elementos vivos, que integran el ecosistema se designan con 

el nombre de biocenósis; se llama biotopo a los elementos no vivos, represen 

tados por el ambiente, Al sistema formado por la biocenósis más el biotopo 

se le deJlOmina ecosistema. Las primeras concepciones de ecosistema incluían 

esta sencilla definición, pero otros autores ecológicos han tratado de redefi 

nir y conceptuali~ar al ecosistema de una forma más completa, como ~dría ser 

la que aparece en el primer párrafo, 

-El ecosistema es el nivel de organizac::ión biológica más complejo, y constit~ 

ye la unidad fundamental bjsica para la ecología. 
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. Estudio analítico del ecosistema. 

El estudio de los ecosistemas es sumamente complejo; partiendo de su concepto, 

el estudio del ecosistema debe contemplar el exámen de las relaciones que se 

establecen entre determinados factores ambientales con una o varias especies, 

cómo determinan la existencia de ciertas poblaciones y las formas de inter~ 

cción que se establecen entre las especies (competencia, simbiosis, pre 

dación). 

Podemos empe:~:ar por establecer hs caracterTsticas ambientales y fijar posici.Q_ 

nes de interacción de cada uno de los elementos que componen al ecosi<tema; de 

esta forma se obtendría una visión detallada o ''microscópica del mismo, lo 

cuál sería sumamente complejo, costoso y a muy largo pla>:o. 

Sin embargo, podemos hacer afirmaciones de tipo estadrstico, sobre las vari~ 

bies del ecosistema, y dar una interpretación general sobre el comportamiento 

del mismo, utilizando conceptos como biomasa, diversidad, productividad, que 

en gran parte son el resultado de la dinámica del ecosistema, y que, al darnos 

una visión general o ''macroscópica" del mismo, nos permiten entender su 

funcionamiento al relacionarlo con su estructura, y obtener una visi•;n de SÍ.!! 

tesis de los procesos biológicos ecológicos que en él ocurren. 

Desde un punto de vista funciona 1 , un ecosistema puede a na 1 izarse adecuad ame.!! 

te en términos de los siguientes (s. Odum): 



1) circuitos 'e energía, 4) deJos b i ogeoqu ímicos, 

2) cadenas 'e alimentos, ,, desarrollo y evolución, ' 
J) tipos 'e diversidad e" 6) control y estabilidad. 

tiempo y espacio, 

. Tipos de ecosistemas. 

En general, podemos dist\nguir tres tipos de ecosistemas: 

al los llamados insulares; ecosistemas relativamente confinados, 

con un ciclo de materia que se encierra casi en su Interior, 

que sólo reciben energía solar de fuera, y que dependen muy 

poco de sistemas extedores. Ej: lagos. 

b) ecosistemas que se repiten una y otra vez en distintos lugares 

y siempre bajo condiciones similares ambientales. Ej: ecosist~ 

mas bien definidos coroo arrecifes coralinos. 

e) ecosistemas que alteran gradualmente sus características en el 

- 5 -

espacio, pasando en forma p~ulatina por condiciones o caracterís 

ticas de composición y equilibrio diferente. Ej; la mayoría de 

los ecosistemas, inmaduros como el océano, lagunas costeras, 

manglares, etc. 

Margaleff distingue otro tipo de clasificar a los ecosistemas, atendiendo 

a su estado de madurez; así, si la diversidad se considera como un~ medida 

de la madurez, diferencias locales de las estructura di! ]as comunidades, 
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pueden interpretarse como diferencias en la madurez del ecosistema, y enton 

ces pode..::>s reconocer 2 tipos de ecosistemas: 

a) ecosistemas anisotrópicos, como a;uellos con diferencias 

locales en la madurez, ya que presentan fuertes gradien 

tes de diversidad, .y hs partes adyacentes eHán relaci_2 

nadas en un ciclo trófico, y es posible distinguir 

direcciones muy significativas en el transporte de energía, 

del estado más diverso al menos diverso. Ej. comunidad del 

plancton oce;inico. 

b) ecosistemas isotrópicos, que presentan en todas sus partes 

igual grado de madurez, ya que su diversidad se encuentra 

distribuida homogeneamente. 

Estructura del Ecosistema 

• Componentes Biót icos 

Del punto de vista funcional, el ecosistema tiene dos componentes: 

a) Componentes Autótrofo [Productores)- Donde predomina la 

f;jación.de la energra, el uso de sustancias inorgánicas 

simples y la formación de sustancias complejas. 

b) Componente Heterótrofo (Consumidores)- Donde predomina la 

utilización. reorganización y la decomposición de materi~ 

les complejas. 



• 

Los hterótrofos de acuerdo con su alimentación se dividen en: 

a) Fitófagos ó Herbfvaros 

plantas. 

organismos que se alim~ntan de 

b) Zoófagos ó Carnivoros- organismos que se alimentan de 

animales. 

e} Detr i tófagos ó Oecomponedores 

tan de materia muerta. 

organismos que se al ime..!) 

d) Omnívoros organismos que se alimentan tanto de veget~ 

les como de animales. 

Función del Ecosistema 

• Ciclo de materia. (c. biogeoquÍmicos) 

- 7 -

Todo ecosistema presenta dos-ciclos: uno de materia y otro de encrgfa, que 

representan e 1 funcionamiento de 1 ecosistema. 

El ciclo de materia es más ó menos cerrado: determinados elementos son 

asimilados por determinados organismos, toman parte en el metabolismo de 

éstos, pudiendo pasar a formar parte de otros organi~mos cuando és•os ingie 

ren a los primeros, y tarde o temprano vuelven a quedar en el med!u en for 

ma inorganica, o de compuestos orgánicos sin formar parte ya de la materia 

viva, para después volver a ser asimilados por otros organismos. 

Así, todo elemento completa un ciclo a través de la parte viva y no viva 



forma de un flujo cerrado. 

n ~,, 
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po...-tc. no v1\.IO. 

del u.o~\erro.. 
. Flujo de energía. 

El ciclo de materia va siempre acompa~ado de un flujo de energía; el flujo 

energético no constituye un flujo cerrado, ya que las transformaciones de 

energía ocurren en un sólo sentido debido a que la energía se degrada y no 

es recuperable por los organismos. Se puede entonces hablar de un ciclo 

abieno de energta que impulsa al ciclo cerrado de la mateda. 

En las sucesivas transferencias de energía, ést~ circula en forma de energía 

química, es decir, asociada a compuestos químicos cuya energía procede, en 

último término, de la captada y asimilada por los productor~s primarios. 

Entonces, los organisi!K>s cuyos procesos de síntesis dependen de la energía 

solar se dellOIIIinan productores primarios, y aquellos cuyos procesos de sínt~ 

sis dependen de la energfa derivada de otros organismos son los, productores 

secundarios. 

La producción de materia orgánica por los productores poimarios constituye 

una fuente de energía potencial susceptible de ser u ti 1 izada por organismos 

de niveles toóficos superiooes, por lo tanto, la entrada de energfa al sis 
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tema constituye la producción primaria; la producciÓn secundaria.,,. aquella 

que comprende a los niveles tróficos superiores, y que representa la utiliz~ 

ción de la energía transformada y acumulada en el primer nivel trófico. 

La velocidad a la que es almacenada la energía por la actividad fotosintétl-

ca, es la productividad primaria; y en este sentido, se puede hablar de la 

productividad secundaria, que representaría la velocidad de la producción 

secundaria. La productividad primaria se puede considerar de dÓs formas: 

PPB (produc:ti v idad primar) a bruta) - ve loe i dad tot,.l de 1 a fotosíntesis, 

incluida la respiración. 

PPN (productividad primaria neta) -velocidad de almacenamiento de materia 

orgánica (sin incluí~ respiración). 

Pa~tiendo de estos conceptos, podemos utilizar un modelo sencillo para ente~ 

der el flujo de energía en el ecosistema, y las transformaciones ene~géticas 

que ocurren en cada nivel trófico. 

.¡ 

"' R 

LA-t Lvt lci''"úhoa. 
Pe...,. Pft(I..ITi'M. &-uta. 
p.,_,..,. Pro:!. ?rh'll.lJeT~;>, 

p ~ -t>Pv-ot~.~euJ'flda.rio. 
1\JA -o !Uo o.o:.iw.i hoa 
rvu~~ v1ilieo.doo 
R -o(\e!>pi~ 



Las entradas de energía en cada nivel compensan a las salidas, tal .omo lo 

expresa la la. ley de la termodinámica, y cada paso de eneryía va acompa~a 

do de una dispersión de energía en calor no reutili~able por los organi~ 

mos, tal como lo espresa la 2a. de estas leyes. 

Madure~ del Ecosistems 

• Sucesión y clímax. 

La sucesión ecológica se puede considerar cono un proceso de la ocupación de 

un área por los organismos, proceso de auto-organi~ación en el cuál el ecQ 

sistema puede pasar a través de diferentes estados; cualquier cambio que le 

lleve a un estado más resistente es inmediatanente asimilado. El estado 

siguietote en una sucesión puede predecirse, pero sólo a nivel macroscópico. 

La sucesión no es necesar i a.,<¡nte un proceso cont ínuo; además, pueden existir 

estados de "regresión", o bién, debido a que el ecosistema no presenta aún 

un dominio del ambiente, éste último puede impedir que el ecosistema avance 

en la sucesión. 

Marga!eff opina que el proceso de sucesión es equivalente a un proceso de 

acumulación de información. En el tiempo, la información edquiri<h se 

expresa en una nueva organizadón del ecosistema; est¡¡ organización toma en 

cuenta los cambios predecibles del ambiente, y más aün, controla al ambiente, 

de modo que en el futuro, peque~os cambios en la comunidad serán necesarios 

para que el ecosistema siga ocupando su área en forma estable. 
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Puede considerarse que la coloniación de un área es el primer estado de la 

sucesión, y ésta (la sucesión) puede existir indefinidamente hasta que, por 

lo menos, el ecosistema no llegue a un estado máximo de madurez y estabilJ. 

dad. Por esto, existen ejemplos de ecosistemas que se encuentran en un 

estado cualquiera de sucesión, sin que puedan llegar a la madurez hasta 

después de un tiempo considerablemente grande (como las comunidades planct.Q 

nicas de aguas templadas). 

Al nivel macroscópico, pueden reconocerse ciertos cambios del ecosistema en 

el proceso de sucesión, o cambios que se espera que sucedan conforme el ec~ 

sistema va avanzando en madurez. Los cambios más importantes ser(an: 

incremento de biomasa, producción primaria y diversidad; multiplicidad de 

nichos, alargamiento de las cadenas alimenticias, especialización, estabi!J. 

dad del cociente PP/B, tendencia a reducir la tasa de reproducción con una 

major protección a los jóvenes, dispersión organizada de especies, increme.!!. 

to de la cadena de detritus, y, en términos energéticos, una mayor eficie.!! 

cia en la utilización de la energía como sistema. 

La sucesión es un proceso ~slntótico, y la entrada de especies al sistema 

tiene un límite real por lo cuál la sucesión no puede ir más allá. Entonces, 

la sucesión tiende a un est~do que podríamos considerar estacionario (ente.!! 

di do como de estabi 1 idad diná~ica), que en ecología se le denomina comunmente 

como clímax. Sin embargo, por la dificultad que representa el poder defJ. 

nir un estado de clímax en cualquier ecosistema, se prefiere hablar de los 
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ecosistemas como más 6 menos maduros. 

• Estabtl idad 

El concepto de estabilidad ha sido muy discutido, pudiendo distinguir dos 

conceptua 1 i zac iones ' 

a) hay quienes opinan que la estabilidad es la consecuencia 

de las interacciones que ocurren dentro del sistema, en 

donde el sistema tiende a un estado estable bajo condicio 

nes constantes. 

b) sin embargo, la estabilidad debe de tener que ver con las 

variables exógenas al sistema; entonces el término estabJ. 

lidad se usa para designai la habilidad del sistema para 

permanecer razonablemente similar a sí mismo, absorviendo 

dichos cambios. 

El concepto de estabilidad de Mac Arthur, es el más comunmente empleado en 

ecología, y corresponde a la segunda concepción (b) en la que e~tebilidad 

refleja la gran resistencia del ecosistema a los cambios externos. 

• 

De acuerdo con Mac Arthur, el ecosistema es estable, si sobrevive~ muchos 

cambios, pero preserva ciertas características esenciales (que hay que defl 

nir), lo que consigue cambiando especies, variando las proporciones entre 

unas y otras, usando vías alternas en las redes tróficas, etc. 

El concepto de estabilidad puede entenderse con un esquema en el que se 
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represente al ecosistema como un conjunto de puntos. 

Cada uno de ellos correspondería a un elemento del ecosistema. Entonces, 

un ecosistema constitu[do por un mayor número de elementos presentaría menos 

fluctuaciones, y el flujo total de energía por unidad de biomasa ser fa ta~ 

bl<!n menor; si las especies son más numerosas, puede existir una especializ2 

ción mayor, un mayor aprovechamiento de lo ingerido, un menor despilfarro de 

energía debido a la disminución de la tasa n•productiva, ·y menores fluctuaci.Q 

nes de las poblaciones, 

/E~to,l:liliclod '-.. 

""""" •H 

Entonces, con una mayor posibilidad de relaciones entre los elemenlos del 

ecosistema, se tendrá una estabilidad mayor, con una eficiente utilización 

de la energía. 
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ECOLOGIA RfLACiotlADA AL ORAGAOO 

INTROIJUCCION 

En los últimos años, la descarga de deshechos humanos e industriales den­

tro del ambiente marino, ha ido en aiiinento convirtiendo las ~reas draga­

das, en depósitós de material contaminado. 
Aunque en ~eneral el draCtado y eliminación del material ouede crear mu­

chos problemas en el medio ambiente, en este particular caso puede ser 

solo atribufdo al draoado en el sentido ae que el existente ~roblema oue­
de ser agravado-disturbando el esta tu que de un lugar en particular~ En 

1 a mayorf a de 1 os casoS, 1 os efectos de las ~re as dragadas , como un fenó­

meno moment~neo, podrfa ser menos·objetable que las causas naturales, 
tales como: tormentas, inundaciones, las que podrían conventirse en be,.. 

neficiosas a largo !'lazo. 
Si las intencionadas operacion-es de dragado !Jresentaran asoectos dai'linos 

u objetables, se deber~ de elaborar una evaluación detallada del ~rOyecto, 

concediendo apropiada consideracil'in a los beneficios del proyecto asf 

_como los efectos en el medio ambiente. 

No se consideraran aqui los-efectos evidentes por sf mismos - princioal­

mente de naturaleza psicológica- tales como: ruido, obstáculos visuales 
y olfato asf como turbiedad causada por las operaciones de dragado. Esto 

tanbién es aplicable a las consideracioneS econl'imicas. 

GENERAL 

Las consecuencias 

ente, consiste en 

de la eliminación del material dra9ado en el_ medio anbi-

1• presencia de 
ble transnorte de 3<JUellos a otro 

contaminantes y específicamente el posi­
medio ambiente {la movilidad). El medio 

ambiente se deóer.! de identificar aqut como: a~¡ua freAtica, cosechas, 

or~anisms animales, etc. Como resultado del método de dragado aplicado, 
método de transporte del sedimento y de procesos qufmicos/Hsicos, wnta­

mi nantes ta 1 es com: materias anor<Jáni cas , meta 1 es pesados, petr61 eo y 

otras materias alienantes al medio ambiente; podran ser liberadas y mo~i­
das. los efectos en el medio ambiente nor la descarga en el mar, lagos 

y tierra serán considerados en esta exr10sicil'in • 
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Asfmismo se ouede tartbién investirtar, qué oasaña si los trabajos de 
dracado tuvieran que-ser detenidos (alternativa cero) y que posibili­
dades puede. brindar el desarrollo de de96sitos alternativos y lfétodos 

de tratamiento. 

Se liara uso. de infonnación de distintas fuentes, tal como un re~orta 

preliminar completado en 1978 con relación al efecto del medio ambi-
ente de der.u5sitos de draoado en el ouerto ~S <irande del mundo: ROTIERDAM 

Can ti da des ----------
-
Corrientes de agua. 

Para ooder entender h orovisión, cantidad y comoosiciOn del material 

dragado, es necesario saber acerca del movimiento del a~ua. 

El movimiento de' aguas en rfos, mares.:v océanos deoenden esnecialmente 

del ori(!en y disnersiOn de los contaminantes. 

~~2Yl~!º~-9~-~~~!~~~~2 
A este resoecto', se debera de entender que una len~ua de a~ua salada ~e­

netra interiormente cerca del fondo de los rfos, teniendo una ~ran In­
fluencia en el asentamiento del sedimento transportado oor éstos. Debl­

bo a esta lennua de aqua salada, el sedimento del mar ser-1 depositado 

en los nuertos y'vfas navegables que se encuentran m~s cerca al mar. 

Como un e,)em!Jlo tenemos: En Q.otterdam los rios nroveen 30 - 50 1n9 de 
sedimento ·por litro durante una descar<Ja noMMl de agua (2200 m3/sec.} 

Esta corriente de sedimento no se encuentra completamente sincronizada 

al movimiento del anua. Sin errtlaro:¡o, en la ausencia de un ~tódo m~s 
oreciso, los c~lculos para la provisión y distribución de las diversas 

corrientes, estan basados en los movfmientos conocidos de anua. En el 
caso de Rotterdam los caculos muestran que, del sedimento provefdo a 

través de las descarna de los rfos en el delta del Rfn, aoroxim!dan...~te 

el 401 se aSienta en los puertos y accesos nortuarios, De esta manPrll, 
los rfos proveen !JOr ano de 3 a 4 millones de toneladas de sedimento. 

El mar ~rovee aoroxim.1dalll!nte 7 millones de toneladas de materia en sus­

censo a los ~uertos y vfas navegables que se encuentran cerca del mar, 
La cantidad total de sedimento draryado es de un volumen anual de 21 millo­

nes de m3 de material mo5ado {11 millones de toneladas, neso de material 
seco). 

' . 

1 . 

1 
' 

. 
\ 

' 1 
L 



' 

• 

3 - 3 

Para poner estos datos en pers~ectiva; podrh ser de inten!s observar 

que, Pequegnat.YSmith (referencia), cuando manifiestan que la 1113yorla 

de sediiTit'nto de orano fino alcanza el océano a través de los rlos. 

Ellos estiman que alrededor del mundo, una cantidad anual de 8 x 109 de 
tonehdas métricas es depositada en el talud continental y su ascenso 

·contiguo .. Por lo menos el 40% de éste es arrastrado por, mlis o menos, 

una docena de rios mayores. Solo el rio r~ississiTJoi transnorta anual­
mente 200 millones de metros cObfco de sedimento a y mlis-alla de su del­
.ta. Tarrbién estiman que solo en la darsena Ar<Jentina se dan entre JO y 

300 millones de toneladas mHricas de material suspendido. 

ComooSici6n oranular --------------------
La COIIJ)OSitiOn g"ranular de los diferentes ti !JOS de material dracado {va­

riando de lugar de draoado) no es constante. la co~tt~osiciOn es impar-. -
tante cuando se clasifica y co~ara la naturaleza y características de 
las diversas muestras. 

A este res11ecto, se debe de comorender que la contaMinaciOn del material 

dra9ado ser.1 determinado principalmente, por las parttculas m.1s finas. 

ContaminaciOn -------------
Del sedimento del Rfn, data de los si9los 15 y 16, se há establecido que 

los metales pesados se dan naturalmente. Sin embarQO, hoy en dia el 

contenido de metales !Jesados así 
si ~nifi ca ti vos. 

como.otros contaminantes, 
/ 

son mucho rn!is 

Los siquientes contaminantes ser~ revisados en esta exposiciOn: 
- . 

metales nesados 
cuer!)os extra~os al medio ambiente, tales como pesticidas 

petrOleo 

cloruro 

cuerpos or~.1nicos 
alimento, tales como: nitrO<:Jeno y fOsforo 

micro-Organos tales como: virus y bacterias 
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Cuando se tiene'en cuenta metales nesados, se prestar~ atención a 
aquellos elementos que oor su acción tóxica, oueden ser probados o es­

rerados. 

Cuernos extra~os al medio ambiente son aquellos.que nunca o casi nunca 
se dieron anterionnente en sedi~rentos. Acciones humanas han causado 

su distribucHin. Estos cuerpos, o no se desintegran, o lo hacen muy 

lentamente. la acumulación de estos cuer)lOS y sus derivados revelan ex­

traordinariamente as)lectos del problema. 
El netróteo consiste de muchos comDonentes con variables caracterlsti­
cas lleligrosas. ~stas son muy amenudo dificil es de desintegrar. Ali­

mentos tales co100 nitr6neno y f6sforQ son tantH!n considerados co100 con­

taminantes. Ellos [lueden causar un crecimiento excesivo de algas. 

L~s ~randes c~ntidades de conta~inantes ~ueden ser removidos a trav~s 

del draqado de mantenimiento, denendiendo del grado de contaminación 
del material. 

Se verificó de cal culos ~lobales desi~nados a apreciar los distintos con~ 

taminantes, que en Rotterdam se nodia remover: 

10% a casi 1007: de materiales nesados, de preferencia aquellos 

unidos al.s~dimento con el material dragado. 

50- 60% del aceite, incluyenrlo derramamiento en el area 

oortuaria. 

menos del 10% de los hidrocarburos. 

casi el 100,; de los cuerpos or11!ni cos y fósforo. 

Comoortamiento de la contaminación. 

La contaminación puede ser comouesta de vari"as formas: oor ejemolo, di­

suelta en el anua, fi,iadas intercalactarnente a partículas sólidas o co­

mo comouesto qufmico estable. El ~rada de comnosición es determinado 

nor condiciones qufmicas, ffsicas y bactereolóoicas. 

Lo mas conocido es acerca de metales pesados. 

Oescaroa en el aoua 
------~------------

Como consecuencia de la descar(la del material dragacto en el aqua, se da 

mezcla y dilución. En el mar, las oartfculas nequel\as, relativamente 

1 ' 

_. 

' 1 

' 1 
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las m~S contaminadas, ser~n desple!)adas sobre una <:'ran lirea. La mayo~ 
rh de los metales pesados disueltos, ser.in transfDrJil<ldos en finos 

cuerpos sólidos suspendidos (Oxido rretal) causado por el oxfgeno y/o 

aCi dl!s a 1 zada. Las partf culas de sedimento pueden actuar como "filtro 

de oolvo". ~'inalmente, la contaminación serA apilada en el sedimento 

del fondo. 

Dependi~ndo de la comoosiciOn del material draoado a ser almacenado en 
·tierra, los contaminantes libres oueden unirse con otr<IS partfculas de 

arcilla o humus o ser tranformados oor procesos biológicos de demoli­
ciOn. La-extensión en la que los contaminantes son liberados, depende 

de: lluvia y evaooraci6n, [)orosidad del material dragado y caracterfs­

ticas del subsuelo. 

E~~i~!!!2~~~~-~~-!!~~r~Ei~~-~~~!2~-f~~!~~i~~~!~~ 

"'' des~ojo dra~ado, 

•1 en el ~' 

b) " lagos 

o) en tierra 

" distinguen los siguientes ountos princioales: 

. se~araci6n, baja acidés, agua salada, dis­

~ersiOn amplia . 

separaciOn limitada, agua fresca o salobre, 

disnersiOn y diluciOn limitada. 

no hay separaciOn, trans~orte limitado, oor: 

absorciOn, venetaciOn capa superior rica en 

oxtgeno. 



• 
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EFECTOS EN EL "'DIO AMBIENTE POR DESCARGA EN EL 1-IAil 

D ALTAMAR 

' ZOCALO CONTINENTAL 

Debido al considerable volumen de lllilterial dragado de ciertos lugares 

portuarios, la descarga en el lllilr de un material dra9ado relativamente 

limpio, es inevitable. 

Ha sido establecido oue en Rotterdam, especialmente en condiciones se­

veras de tiemoo, una parte del material dranado descaroado en el mar, 

reoresa al acceso oortuario. 

El oresente -----------
Los mares Y. océanos son usados oara diferentes finalidades. En este 

contexto la ~esca es imoortante. 

Se conoce muy aoco acerca de la calidad de los fondos acuUic:os y se­

dimento de los mares y océanos. 
Plancton es la base oara la vida marina. Plancton es la fuente de 

alimento para los oescados quienes a su vez son la fuente alimenticia 
para aves y rnmiferos. Plancton que muere re9resar.! a la cadena ali­

ment,cia, usualmente a través de los or~anismos del fondo acuHico. 

Efectos -------
Cuando se descaroa el material dra9ado, la vida del fondo acuatice del 
lugar es destrufdo y la formaci6n del olancton es obstaculizada. 

La ~rovisi6n de sedimento oor ejemolo por rios, es ~arcialmente un pro­

ceso natural, mAs no así el bombeo del material draoado contaminado en 
un luqar cualquiera. la influencia de contamiriaci6n de plancton es difi­

cil de establecer debido a la distrlbuci6n de estos Or!Janismos. El 
plancton se restituye asf misrro muy r.!pidamente en un nutrido arrbiente 

marino. Los efectos de esoecies de fondos mas a~lios, tales como: 

charos, ostras, langostas, etc. oueden ser calculados con nrecisi6n y 
pueden ser relacionados, hasta cierto nunto, al orinen de contaminaci6n. 

Oe estas esllecies, especialmente, los charos y ostras oueden ser severa­

mente dal'iados ~orla resencia de contaminantes filtrados y absorbidos 
por el at~ua. 

Las consecuencias en los oescados tanbién son conocidas [!ero debido a 

su movilizaci6n es dificil de establecer una relación en el ori~en de 
contaminaci6n. 
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los oescados son vulnerables, esoecialmente co;,.ndo estos son a~n pe­

quel'ios y por ello necesitan de una maternidad lii!Jlia. 

En 1 as capas gruesas de 1 os oescados, a ves y especialmente mam! fe ros, 

los contaminantes tales como metales cesados y otros cueroos extra~o~ 
pueden acumularse . 
Cuando estas capas de crasa son usadas como alimento de reserva, puede 
darse una muerte masiva. 

Los mamíferos transmiten a la prole, por rredio de la leche, la conta­

minación acumulada en el cuerno de la madre. 
los hor.bres tanbién pueden experimentar los efectos negativos a través 

del consum:~ de estos pescados y mariscos. En JaoOn han ocurrido casos 

muy serios. 
Actualmente no es posible relacionar la descarl]a en el mar de material 

dragado contaminado con un nosible incremento de efectos oeligrosos. 

Sin enl!arqo, se sabe que si no es controlado, estas descar11as aurrenta­

r.1n la contaminación en el anl!iente marino considerablemente, haciendo 

_que tales consecuencias se den mas marcada~ente. 

~l!~!!l~!" 

Esto es definido por Pequecrnat y Smith (referencia) com: 

Esa oarte del océano al .v mas al U del margen exterior de la platafor­

ma submarina - descanso de h plataforma. Este descanso puede darse a 

profundidades de hasta 200 m. Ellos su!Jieren cjue estos descansos a 

esa profundidad o más, son adecuados como luoares de deoósitos del ma­

terial dra(jado. 

Teniendo en consideración que la tierra est.1 cubierta de aoua en un 71% 

del cual el AO% tiene una profundidad de 2rJOO metros, quedará claro que 

el ~rea de la ~htaforma ·submarina es relativamente peque!'!a por cuanto, 

menos adecuada que altamar como lugar de depósito. 

~s aún, los oc~anos oroducen menos del 1,5 al 2% del alimento mundial 

marino. 

Tait y de Santo '72 (referencia) Predicen que altamar nunca contribuir.! 

con m.!is del u: del total mundial de oesca marina. 

El CO!llDle.io de h r>lataforma interior del estuario es el mejor oroductor 

de alimento marino. 

1 
1 

' . 
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EFECTOS EN El ME:rl!O A!.BJENTE POR OESCARr.A EN TIERRA 

En varios oafses, y principalmente en los Paises Bajos, muchas .1reas 

han sido rellen~das con material dragado. Esto tanbién ocurriO en 

el área de Rotterdam material el cual orovenfa de la creación de nut­

vos puertos por tanto no contaminado y otra oarte del draqado de man­

tenimiento de puertos y vfas navegables existenteS en el area. 
No obstante, se requiere de métodos de maduraciOn muy pei-feccionados 

y de grandes SU!Jerficies oara el depOsito de material dragado (aproxi­

mlidamente !50 hectáreas por ano por millón de metros cúbicos de mate­

rial mojado; en áreas sub-tropicales y trooicales, ésta oodrfa ser 

menor dependiendo de: lluvia, subsuelo y ve(J'('tación). 

Actualmente, la locacil'in y oaisaie del área de descarga sera determina­
da por los factores tales como: espacio, erosión, sedimentación, con­

diciones de tiempo, etc. Tantil!n será determinado por la vida racio-

nal, animal y ver¡etal, oor el cultivo de tierra y el qenero humilno. . . . 

Cuando se descarga el material contaminado en tierra, la calidad de 
agua en la suoerficie y del fondo, oroanisnxlS y flora del suelo marino, 

pueden ser afectados y finalmente a _través de la cadena alimenticia, 
los animales. y el nl!nero humano. Metales pesados y cuerpos extra~os 

al ambiente pueden ooseer caracterfsticas tóxicas agudas y acumularse 
en Orqanos generando cáncer, etc. Con relación a Tos nJ?tales oesados 

debe de notarse que esta acción puede ser aumentada_a la presencia e~ 

otro metal {cadmio, zinc). Los efectos de esta contaminación se hac;on 

visibles a través del reducido crecimiento y deformación de plantas, 
por sfntomas de intoxicación crónica en los animales y consecuentemente 

seres hWOianos. 

Pueden darse consecuencias indirectas comoarabl es cuando el a('lua del fon­

do esta contaminada debido al considerable asentamiento de canas de ma­
terial dra~ado. 
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A~ri y horticultura 

No existen renlall"€ntos que dicten la comoosiciOn del suelo destinado 

cara la agri y horticultura. 

Vivienda, Industria 

'La contaminacil5n del a~ua de suoerficie y fondo junar-1 un rol esoecf­

fico, cuando un olrea'[)aN denOsito de material sea usada para vivienda 

e industria. El saneamientO del &r'ea sera de imoortancia. 

RecreaciOn 

Cuando la ~ona es destinada :>ara uso recreativo, h naturaleza de la 

ubicaciOn detenninar:i los efectos a ser esperados. No existen Hneas 

generales de calidad de suelo oara zonas de uso recreativo. 

General 

La nob 1 aci On costera senui r:i crecí en do a 1 rededor de 1 mundo. Conse­

cuentemente la necesidad de espacio cara vivienda y la utilizaciOn de 
reqiones costeras comnetirán con areas para producción de alimentos. 

En <;~eneral, la zona costera es en donde el desoojo de derivados marinos 

tendrta que ser alrncenada en tierra. 
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EFECTOS EN EL '~EDIO !'11'1.HENTE POR DESCARGA EN LAr;Os 

~i~!~!:i~ 

Ya que es dificil en Holanda de encontrar ~reas en tierra anro~iadas 

para la disposición de material, se est~ considerando la oosibilidad 

·de disposición en laoos (esoecialmente aquellos creados oor la remo­

sión de arena, aoreoados y arcilla). 

Situación actual ----------------
los lanas arriba referidos tienen "eneralmente, un nran volumen y no­

drian contribuir considerablemente con el nroblema de descarna. 
La comoosición y funcionamiento de vida sobre los la~os, es comnarable 

a aquella en el mar, la sucesión de plancton, animales del fondo, oes­

cados, aves y humanidad. Aoui el nlancton !)uede tener un desarrollo 
exolosivo a través de los alii'IE!ntos, o oueden roorir y hundirse, origi-, 

nando falta de oxíqeno en el aoua. la orovisión de fósforo activará es­

pecialmente este oroceso. El material dragado puede contener conside­

rables cantidades de fósforo, 

El MUa en un laoo es U neneralmente en contacto con el a'Jua en la su­
oerficie, por lo que se da la distribución. De acuerdo con h estruc­

tura del subsuelo, el agua del la!:'o puede encontrarse ta!!Dil!n en contac­

to con capas porosas. En estos lagos, como en este caso, las caoas sin 

oxfgeno oueden darse a arandes orofundidades durante condiciones de 
tiempo de verano. Asf debido tantJién a la ausencia de luz a grandes oro­

fundida des, 1 a vi da bio lóoi ca en es tos 1 a 'JOS, espe"cia ]mente 1 a ~resencia 

de'los animales del fondo, es limitada a peque~as zonas al mar!:'en de los 
lagos. 

Cuando se de!'JOSita el material dragado en lanos, se pueden esperar efec­
tos del a~ua de calidad qufmica y bactereolOqica, vida hidrobiológic~. 

el anua del fondo en la vecindad del lago y la claridad, salinidad y va­

lor nutritivo del la~o mismo. 

~ f~ !:!2 L !~'P2Q !::~ !:i Q ~ 

los efectos se pueden dar directamente IJOr la disolución de contaminan­

tes en el a~ua durante el acto de diSrlOSiciOn. El transnorte de agua 
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puede causar tambi~n esta contaminación directa. 

Durante' la .disposiciOnes nrinciflalJ'Ienté, el a<;~ua oura con sus canta-
' mi nantes absorbido~ la que influye en la calidad del a~ua del lano. 

_Los materiales pesados posiblemente disueltos podr3n eventualmente 

oxidar y hundirse al fondo (en un medio anbiente rico en oxfoeno) 

Este no es e 1 caso con ni trOoeno y el oruro y en un menor a 1 canee, fós­

foro. 

Un gran consllltl) de oxfoeno del anua será utilizado oor el Oxido quf­

mico de material arcilloso. 

la contaminación bactereológica es de duración limitada, ya que las 

·bacterias se atrofian rá!)idamente. Dependiendo del tamaf'lo del la~o, 

esto ouede cal/sar más o menos un serio disturbio o aon la destrucción 

de la vida biolOoica, en donde el material dragado cubre el fondo. 

Los efectos a largo ola:zo en la calidad del la(lo y sus alrededores 

son dependientes, entre otros, del contenido de oxi~eno en el aoua in­

mediata sobre el fondo. la contaminación {metales pes~dos) expulsada 

del fondo, ouede ouedar suspendida alli donde el agua no contiene oxf­

geno. En el é:aso de anua.rica en oxiqeno, el Oxido reducir~ el riesqo 

de la presencia de metales !)esados. El aQua contenida dentro del.area 

de material depositado sera expulsada por el asentamiento de dicho ma­

terial. Esta a~ua !)Uede afluir al lago y causar uM contaminación !=!ra­

dual, lo cual •wede reducirse solamente por el posible reaorovisiona­

miento del laoo. 

los cuerpos extra~os se disuelven !:'eneralmente pobremente en el a(]ua 

y nrefieren adherir;e a oartfculas de material conta1'1inado por petróleo. 

No se ouede esnerar una mvilización a anuas abiertas o de fondo, •lebido 

a esta fuerte estabilidad quimica. 

No es posible una sistemHica revisión, debido a la considerable va­

riedad de cuer!)OS extraMs y sus residuos. 

Lo arriba exouesto demuestra que la expulsión de cuernos extraños y me­

tales pesados es logrado casi exclusivamente a trav~s de la absorción 

activa por la cadena de aliF'lentos de la fauna y flora del fondo·acu~tico. 

·-

1 
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Alimentos ---------
Considerando un oran contenido de fósforo en el material draoado, se 

puede esoerar que una cierta cantidad de a!J"ua estancarla en la super­

ficie del material nueda ser atrofiada y quedar así por un lar!J"O ne­

rtodo. 

la oorosidad del material en su fase de inmadurez, es muy limitada 

(a~:~roxim!i_dall'!'nte 0,5- 1,0 r:rn/dia). 

~elleno de laoos ----------------
En el casn de que un laqo es rellenado con material dra~ado, se ore­

senta una corrbinación de cosibles efectos en el cual la capa su~erior 

(~:~or eierrmlo sobre el aoua subterranea) !)Uerle ser considerado coiDJ ma­

terial de!JOSitado en tierra . 
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EVALUACION 

Examinar si es factible determinar que clase de material ouede ser 

descargado y en donde, con el fin de minimizar los efectos ne~ati­
vos en el medio anbiente. 

/) 

No imoorta como enfoquemos las técnicas de disposición, la conclu­

sión será invariablemente oue h reducción y terminación de la descar­

ga de contaminantes en la fuente será la más efectiva. 

Clasificación -------------
El material draoado o~de ser clasificado de diferentes maneras: 

por su Oriaen, par su contaminación can metales nesados y oor conta­
minación con cuer~os extraños. 

La clasificación oor contaminación con cloruro y materias or9ánicas, 

etc. rwede ser de" i~ortancia solo en casos esoecff'kos. 

Es imoortante saber como se desarrollará la calidad de material dra~a­
do. Las autoridades gubernamentales serán primeramente vistas ~ara es­

tablecer real as adecuadas oara la descar~a de contaminantes asf como la 
observación de las reoulaciones por contaminadores en potencia. 

Efectos en el 111edio ambiente ----------------------------
Cuando se examinan los efectos de estas posibilidades para descar~a de 
material draoado en el medio anbiente, debemos de considerar 3 crite­
nos i111oortantes: 

cun es la naturaleza de la distribución (difusa o concentrada) 
l')ué medidas existen para reducir la emisión 

Cómo se nuede controlar la dis[losici1in del material dranado 

Las 3 posibilidades de disoosici1in consideradas, pueden resumirse como 
sinue: 
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Efectos en el mar -----------------
Düposición ep el mar: dilución considerable y distribución difu­

sa, medidas de control no disnonibles, cocos efectos apreciables, 
-peli~ro de acumulación en la cadena alimenticia . 

Dis~osición en altamar: iqual que lo arriba expuesto, pero existe 

muy aoco peli~ro de acumulación en la cadena alimenticia .. 

Efectos en 1 a o os ----------------
Disposición en un laoo: distribución menos difusa, excepto la disper­
sión a través del transoorte de aoua, nor el movimiento del agua en el 

lago y a través del a<Jua subterr!nea. 

la limitación de la emisión es oarcialmente ~osible as1 como el control 

de emisión-del' material ya depositado. Sin embar~o, existe el peligro 

de aclllllula.ción en la cadena alimenticia. 

Efectos en tierra -----------------
Descarga en tierra: una distribución menos difusa que en el mar, es 

posible la emisión al aoua subterr~nea y sunerficie. Existen oosibi­
lidades ~ara limitar y controlar la emisión en ~terial ya deoositado. 

Sin embargo, debido a la imnerfección humana existe neligro de acumula­
ción en la cadena alimenticia. 

• 

1 

1 . 
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NO!tr.:AS Y REGULACIONES 
,, 

La ausencia de no-nnas y reQu]aciones pertinentes se pusieron de mani­

fiesto cuando se intentaba investioar la descaraa de material dra~ado 

en el area de Rotterdam. 

Aunque existen acuerdos internacionales, no hay normas especfficas 
que se atengan al vaciado en el mar. 

Entre éstas, solo la "Convend!in de Londres", realizada en Novierrbre 

1972, que trató sobre la prevenci!in de contaminación marina ocasionada 

por la descarna de desperdicios y otros cueroos, tiene alnún sionifi­

cado para la región latinoamericana, lo que fué ratificado por Aroentina, 

Cuba, Chile, México, Reollblica Dominicana, Guatemala, Haitf, Panama, 

Surinam y los Estados Unidos. 
La convención trata sobre todos los océanos y mares; prohibe la descar­

na de a 1 gunos cuero os y requwre de permisos especia 1 es para 1 a descar­

ga de otros. Sin er:tarQo, no se han dado pautas cuantitativas. 

Recientemente, en Octubre 5/9 de 19fl!, tuvo lugar la sexta {6ta) reu­
niOn consultiva de las partes contratantes. Entre otros asuntos, se 

discutiO sobre los ~todos de cuidados especiales q"ue se deberfan de 
aplicar en la descarga de material dra<:Jado contaminado. Ellos incluye­

ron el ctt:li-imiento de los luo:pares de descarga con material limoio, re­

lleno de yacimientos con-el subsecuente cubrimiento, descaroa en barran~ 

cas marinas en pilones hipers~linos, en regions abiolóoicas del Océano. 

Se ha acordado remitir esta técnicas de cuidados especiales, a centros 
de estudio de investigación. 

Otras convenciones similares como la de Oslo (72) y Paris (74), firma­

das por los nafses de euro~a occidental, Qrohiben la descaroa de. algu­
nos contaminantes esoecíficos y la reducción de cantidad de des!)erdi­

ci os contaminados -con otros contaminantes especffi cos. 

El contenido de metales pesados en' el material dra(lado puede ser s~·io 
comparado a regula dones nara ferti 1 i zantes. Genera 1 mente, no· existen 

normas para regular 1a calidad del a~ua subterranea . 
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ALTERNATIVAS 

1~ 

Alternativas relacionadas a: 

La terminación de la descaroa del material dra11ado y consecuentementP 

del draqado misroo /variante cero). En este caso se ha trasado una re-
' lación entre el no m!s funcionamiento del 9uerto y la transferencia de 

1 a actividad i ndus tri a 1 a otras 1 oca 1 ida des ¡nrtuari as. 

El materhl contaminado liltimamente no se asentar! mds en el .1rea por­

tuaria nero en el mar, al menos en aquellas .1reas en donde el sedimento 

es transoortado oor los ríos en donde el ouerto abandonado estuvo situa­

do. 

Reducción en volumen de material dragado. Se puede llevar la atención 

a experimentos y p 1 anes i ntenci o na dos para 1 a modi fi caci On de 1 a des-
' carga del r€Qimen del rio y reducir consiguientemente el vol~n de ma-

terial a dragarse. 

E~~2~i~~-~~-~2~~~~i~~~~~~ 

La remosión de contaminantes del material dragado. Se tJuede considerar 

la remosión de cuerpos sol ubres en a~ua El desalinamiento parece ser 

un mlitodo factible. La salinidad contenida en el material no solo depen­

de del lugar draoado,· sino tambilin de la calidad del il.!"JUa de transtJorte. 

La descarga de sal adicional rio arriba, nodrfa ocasionar conflictos con 

los acuerdos internacionales, como es el caso de Europa. 

Aplicaciones alternativas -------------------------
Se ha orobado que es factible usar el material draoado del puerto de 

Rotterdam oara la fabricación de ladrillo. Sin enbar!<O, la dureza del 

ladrillo no es r.~uy alta debido al qran contenido de cuerpos oro.1nicos. 

M~s aOn, la demanda de arcilla oor la industria del ladrillo, es oequef'ia, 

con relación a la orovisilin de material draqado contaminado. Relleno de 

~reas tanbién puede ser considerado coroo una solución alternativa. Los 

prob 1 er.~as m~s i-moortantes aquf son e 1 de 1 a 1i mi tada caoaci dad de drenaje 
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(saneamiento) del material y la duraciOn de tiempo requerido para la 

realizaciOn. 

El material dranado nuede ser tambi~n incinerado pero requiere de 
e-ner<Jfa extra, apareciendo los contaminantes lueoo de la incineracHm, 

en las cenizas o residuos. 

Tar.Di~n es cosible la utilización del material corro sustituto de la 
arcilla para el levantamiento o aqrandamiento de diques. 

Los pozos creados por la reoosi6n de tierra (agre~ados, etc.) puede 

ser visto como una alternativa ooerativa la cual en orincioio puede 

ser considerada como deoOsito de material draqado. Los efectos de 

~ste en el medio ambiente puede ser internretado cono los efectos des· 
critos en descarga en tierra o en laoos. 

f 

' 1 
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CONOCP'IEiiTIJ E INFOf!r'ACION ADICIONAL RE'1UERID!I 

{Par~ una propia evalu3ci0n) • 

Ademas de Tos datos relacionados directamente al "Area del Proble110.1", 

se necesita tener conocimiento e infonnacHin sobre diversos asuntos 

rehcionados, los cuales pueden ser subdivididos en 3 nruoos principa­

l es: 

!~!~~~~~!2~-~ª~!s~ 

Calidad del material dra!Jado fuera del área !)ortuaria. 

Factores que influyen en la capacidad de transoorte de la 
contaminación. 

Jnfonnación de la calidad del a<Jua subterránea y del mar. 

La parte del ltl3r contaminada por la descarga de material 

dragado en relación a la contaminación prooorcionada por 

rios y otras fuentes (otros orlnenes). 
Caracteristicas biológicas del material dragado. 

Normas ------ • 

' Norrras de calidad nara el aoua de mar. 

' Normas de ca 1i dad para el suelo de fondo. 

' Normas de calidad o ara el agua subterr~nea. 

Efectos -------
Penetración en la acumulación de la contaminación en la cadena ali­

menticia en un ambiente de aoua fresca, no existe conocimiento de la 
relación entre la dosis y su efecto. 

Acumulación de contaminantes en cosechas no destinadas para el con­
sumo. 

La influencia en la calidad del a~ua fre~tica, por la descarna en 

tierra, debe de ser identificada más precisamente. 



• 
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E'1VIPO OE DRAr.A['J(l PARA ~E~!JSION OE SEDIMENT!l CONTAMINADO 

Podemos di s ti ncui r: 

1.- Contaminaci6n '" 
,, fondo. 

1.- Contaminaci6n '" suspenso en ,, columna de a~ua. 

3.- Contami nací 6n '" " superficie. 

1.- Para remover sedimento contaminado del fondo con turbidez y derra­

.mamiento m!nlmo, las dra!)as mAs adecuadas serian: 

1.-

transoorte tlldraulico 

transporte neum!tico 

transoorte mecAnice 

dra(la de succi6n tipo "Dustpan" 

•Air lift"- Pneuma, Oozer 

Cucharón de quijada ir.roermeable 

Huelga decir que la severidad de contaminación, el vollllll€n y la 

localidad del sedimento contaminado a ser removido, tendrA una 
oran influencia en la seleccHin del equipo.· 

-Una dra'!a de rosario !)arece ser entonces una alternativa mAs ra­

zonable nue una dra~a cortadora. 

Hasta el momento.no se ha identificado un eouipo esnecifico de 

dra[!ado, ni equipo auxiliar, nara la re100siOn de material poluto 

en susoenso. 

3.- En Holanda (IHC-Cosmos), tla desarrollado un equipo auxiliar ti!]O 

"espumadera", para la re1110si6n de poluci6n en la suoerficie del 

agua (como: derramamiento de petrOleo), el cual puede ser acopla­

-do a una dra':'a de succi6n nor arrastre especialmente disenada, 

la que es utilizada en un contrato de dragado de mantenimiento de 

cinco a~os, en el canal de acceso del puerto de RotterdaM. 
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EPILOGO 

La industria del dra~ado antes de ser identificada como un de~radante 
del ambiente natural y de la calidad del aaua nor causar turbidez, 

;. se esU. ocu!Jando actualmente de la lim'lieza del medio ambiente y se 
esoera nue en el futuro juece un imnortante y creciente rol. 

Inn. J.P.C. van rten Kieboom 
Febrero 1982 

1 . 
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!tEFE.'l.ENCIAS 2/ 

Elements of Marine Ecolo~y • 1972 
oor ; 11;. V. Tai t y R. S. de Santo 

Evaluación del oroblema de dranado y descaroa en los Estados Unidos 

'" ,,, Raym:md J. Krizek; ".ax 1./, Giner; Abdelsalam 11. Salem 

Departamento de lnnenierfa Civil del Instituto Tecno­
Higico, Universidad Northwestern, Evanston, Jllinois, 

USA - 1975 

Efectos del Dranado en el medio arrbiente - 1'177 

por ir. K. d'Annrémond - P.oyal Volker Stevfn Grou!l, Holanda 

en Curso Internacional sobre ~odernos !lrocedimientos de dragado 

Potential looacts of Deep r1cean Ois!loSál of Jlredrred Material - 1~77 

por W.E. ?equennat Ph. D. -Texas A'' M University, USA 

D. 'l. Smit, Ph. D. - David O. Smith and Assoc. USA 

Disnosal Site Selectioil in PJlode lsland Sound as detemined by !!esearch 

Submersible anrl Scuba Surveys • 1977 

nor r,.L. Chase, JtS, J1ed. • U.S. Army Coros of Enoineers 

Se~undo Simposium Internacional sobre Tecnolo~fa de 

Dranado · BH~A 

Final re~ort of the lnternatinal Collll1ission for the Study of Enviran· 

mental Effects of Qred~ing and Disposal of Oredned Material S· 1977 

!}Or Pennanent International Association of Navi(lation Con· 

(lr€Sses · PIANC 

Preliminary !le!JOrt on IO:nvironmental Effects of the Disposal of Dredoed 

Spoil · 4 vo 1 umens · 197!3 

~or Steerino Cmrmittee Dis)losal Dredged S~oil 

oara : Provincial Authorities of South Holland 

Oisoosal of Dred(1ed !~aterial within the New York Oistrict: Volume 1 

Present Practices and Candidate Alternatives. 

por \~.G. Conner, D. Aurand, M. Leslie, J. Slaunhter, A. Amr, 

F. l. Ravenscroft: The J:itre Corooration 

cara U.S. Arm.v Corps of En9ineers 
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IAPH Docurrento remitido ~ara la Sexta P.euniOn Consultiva de Partes 

Contratantes para la Convención sobre Prevención de Contaminación 
Marina oor Descarna de 9esrerdicios y otros CuelllOS. 

Port and Harbours - Nov. 1981 

En vi ronmenta 1 asoects to the a!Jn 1 i ca ti on of "Matured" Oredned Sooi 1 

- 1n Oike Construction {Holandés) 

por J.R. Willet de HeidemU. -Consultores 

J.C. Cavelaars - Inneniero -·Holanda 
en Revista Polit~cnica, 36, NovienDre de 19Rl 

Sistemas de nra(1ado nara el ~'ejoramiento del ll.mbiente 

oor ,J. leslie r,oodier P.E. 

en -~evisiOn Internacional de Oraóado, Oct. I9Rl 
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EJ>ni<r S.,onlilio P~blishinll Company, Amst.erdam - l'rin<od In Tho N..U.edatuls 

f'RACTICAL VIEWS ON TIIE DESIGN ANO CONSTRUCTION OF MOUND 
BRE.-\KWATERS 

• 
P. llltUUN ond S•. KJELSTRUP 

Dj•i.ion o( Porl.....t Oucn E""Kinuri"l/, No....,•zion lmlit~l• o/ Tuhno!on, TT<,.4hoim 
¡Norwoy) -, 

(Roe<>ived Fob.uory 4, 1980; oouptod Jonuary 14, 1981) , 

ABSTRACT ::. : .. .. 
Dn.~un, P. on'd Kjeüirup: S.., 1981. PuotiW ..;.,... an lho deoign ond ooJ~>tnloUmi otmC:.und 

bi.,....,_tora.. Coa.lal En1.: 5:_ 111-192. 

Th• ~ .. ;j.. H<tion of lhio P"l"" ¡. &rl obt.tnd of Report. Na. 7, 1979 by tholn~\itute ol 
Port onrl Qooon Engin .. ria,, Th• Nor,...i&ll Instituto o! Te<hoolo¡y (!PO E). lt;. ,...;tt•a ln 

· e<>alim.t•tioo o/ an ortido oa "Common Reuon> for s..,okdown of Rubble Mound n...u­
.. ~.e,.·· publisbed ;, this J......,.¡_ lt .n.cu- dot&ih o! b~okdown, block :111d bl<><kl>oyo< 

· byd.....,_¡·,_,¡.,., b<>W t.o lmpi'Dft <Hlatao..,.. t.o d&mqo, ti<~ denlopment of dunapo ODd 
ho ... to <IH<Tibe domo¡eo in pradial Urmo. P,.ortial d .. ip <riUria, loboratory pr.,.,.d,.,.... 
ond dala noed«l f<>< deoien •~ l'Mnlionod ODd f111olly praotleal oon&ll'tlotion prooodur .. 
ond equipmont to be UHd t.o bo.tild o mound >ritb otructurol ohonoUrUtia u clo .... poo· 
oíble lo U. e., • ...,u·d in tbelabo,...tot)'. • 

Tbe eonotrv<tion oedion """'"',..;*"" a nwnb<o< o! pnctlal upori..- "" coootr=lion 
o! nobble mound b .... kwoUn >riU. opeeiol ,..¡ • ..,,..., t.o conditlono In Nonny, porti<U!orly 
Ita northem "lop", 

. BII.EAKDOWN MECHANJCS ANO DEVELOI'l>!EI'n' 

Commo11 reaso11s 0r br<'akdown 

The v:triety of rea.oris for breakdown of rubble mound breakwaters men­
tioned in the artide on "Common reasons for d:tmage or breakdown of mound 
breakwatcrs" publisbed in this Joumal (Broun, 1979a) with rcference to Fig.l, 
seem to be recognized by practlcians a. well u researchers. lt is obvio~ tbat ' 
most breakdoWnihave mixed- or eombined- step-by-1tep reasons. AJan 
e:tamp!e "knock-out.s" and ''lift-out.s" m ay follow each other witilin fractions 
of a !.e<'Ond or witbin seeonds, both being adÍ\'e in the de¡truction. The first 
"knock" &bnkcs the block loose, the o.econd e arríes it up, lt m ay al!; o bnppen 

-... - and this would probably be the mo•t common case- that tbere are many 
wave• and/or considerable time between the "knock" whlch ohook the block 
loose and the fatal "lift-out". 

0378·3839/81/00{)0--1)0001$02.&0 o 1981 ElW>i•• S<ioDlific PYbliollin¡: Cornpony 
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Y 'f. l. Vorlouol'ftiOI>I for damaps lo n~bble m<Kind break .. •~- Number> refe< lo loca· 
"""" ar lail.,... 
'lb e de!H!Iopment cnd l'tlfe o{ dlunap depends u pon atructun.l characteristir:a. 

.In any case it should be remembernd tha1 a damaged bieakwateris not ideo ti­
cal with the inltial design. MO<t likely it bu become more prone to continua­
tion of damage even by waves of less advene charaeter !han those which cawed 
the initial damage, usually the loss of aome upper \ayer annóur blocks which 
jumped out of place eiposing the second !ayer annour- ii any. This second 
!ayer usually ha.s block!; which are aomewhat omaller than the upper lll:mO\U 
layer. On slopes which are not too steep the di$placed blockll may cometo 
rest on the part ot the slope which is below M.L.W., perhaps down to approx­
imately one wave height. The slope may thenacquire an S·form well known 
from old breakwaters (Bnmn lllld Johllllneson, 1976) which were "!ed" 
with blocb mainly in the upper oeclion {above and at M.S.L.). Eumple o! 
thls are the breakwaters at Plymoutb and Le Havre (Fig.2) (Priest et aL, · 
1964). lf damage to the upper sed.ion continued durint the storm, or dueto 
lack of repain before the nut storm, the break water m ay ultimat.ely be d.,_· ( :' 

Pll"MO\.ITH EIREAI(WATEII 1811 T0 1&4& - ·: 
S<al .. 1 : r.oo 

. ; .. 
CHEROOURG EHlEAKWATER 

.---r¡ 
Í \ PROFil.E IN 18~ 

¿[;~~~.-_;:.::.:~:~:: :·:<·:.·;~;;;, .~=.~ ~ 
. . . . -. . 

' 

'• 

• 

' ' 
' ' 



• 
• 

• 



--'-'--· 

' . 

1 
1 

( 

; 

' 

' 

slroyed, !eaving a"mound dose to M.S.L:, oee Figs.2a,b. Short-tenn accumula­
- tion of damage m ay take place during one storm trom hour to hour un ti\ late • 

in lhe attenuation phase or until the storm hM aubsided entirely. &-fore lhis 
happens damage may "wind tip in fatality (Bruun, l979a). ¡\.nother sltuatio"n is 
that damage takes place and continutu from one storm untl.\ the next without 
any dramatic conclusion or disaster. The case of the former particular! y reten 
to extreme events Ie5ulting in mlljor damages whi<:h call for irnmediate adion 
on repairs to prohibit a rapid and al.most complete breakdown of the break- -· 
water asa whole. This m ay happen anyhow, partlcularly.with artificial "ste<!p 

_ s\ope" blocks mounds. The la.tter case is normal when a rubble mound break­
water gnodually wears out by the Loss of sorne blocks by the deparlure of .,_ 
bloc \u, by settling...c:uin~g, toe erosioo or by wear of softcr materials. 
Fortunately, this is the normal <::a$0!. And it can be handled in time by pmper 
maintenance works. _-' ··• 

• • . . ' 
The stability of an a~mour block depends partly upon ~'the block itse\f" and 
partly upon "its relation" to or auodatlon wilh its neighboun (Bruun and ; 
Johanneson, 1976). Physically the "block itself" means its weight, volum·e &nd 
sh.lpe. "lts relation to ita neighb<>lll""!l" comprisel the friction between the 

- blocks, which may consisto! "&kin friction" (surface to sulface), inter\ocking 
or intertangling which detennine the mutual capacity for sticklng to&eth-er and 
tbe block's "anchoring" to the sublayer u we\1 ~ it.s "mooring" to blocks on 
the sides. . • 

!t is these properties whkh distinguish. natural rocks from artificial bloc U . 
...:. usually mass concrete, possibly with sorne reinforcement. Natural rock'i 
merit 1\et first of all in its weight. lts geometry is of relative\y less importanoe. 

With respect to artificial block& the •ituation is different because it is pos· 
&lble to designa block wbich compensa tes for we\ght (volume) of concrete, 
which should be minimu·m tO inc.-~;,se econoiny, by intertangling and inter­
knitting (interior friction). Minimum volume of such block moumh is ob-­
tained by increase of voids (penneability). Another way of decreasing the 
vol u me o! expensive materials in a mound is by increasing the llape angle. 
Many diffcrent k indo o_! artificial blocks cxist having in common a high 
vol11me o! voids and interknitting capabilities. But it is un!ort.unat.lly true for 
al! of them that their contact with their sublayer is inadequate and for this 
reason aslope of ouch blocks t.ends to break down by sliding. When slides r~nt 
start, breakdown unfortunate\y devel<>ps fa.st in a "quick co\lapsa". This · 
focuse• interest on the modes and pattem of breakdowns. 

Wc are hem ata crucial point in break water technolo¡:y becauoe the huge 
. ~ .-- .number of possibilities of placcmcnt cf a certnin number ofb\ocks in fact 

invi.J.idate the so-cal\~ "zero damage crlieri0ñ" which obvtously now be­
comes absurd in pnocticalsen.e. Th~ situation associated with this crltcrion 
should therefore nner be understood in all)" other way than !he situation 
which develops alter a cert.ain maturing of the mound by norms which occur 
introductorily, c.g. during the first coup\e of yurs. Tbe ine~itable damagc thcn 
decreases gradually un ti! "about sta.bility" is estab\ished- di\1 allowing oome 
minar "rock.ing" without further or se~ere consequences with respc<:t to DV1!r-
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all or unit st.a.hi!ity. ThiS ii the actual "0" damage starting situation. ~ 

Details of the hydrodynanlics of wave uprush{downnWI are mentioned in" e· 
Report No. 7 by the IPOE (Bruun, 1979b). Ho':"' drag and inerUa torces com- ·~:. 
pare to each other relatively in such cases depends u pon block geometry and 
roughnesiln relation to flow as well as in relation to other blodu in the f=t 
and perha¡)s a1so the oecond armour !ayer (Bruun and·Johanneson, 1976).1n 
this respect one must probably distinguish between the a!ready mentioned i 
"ski o friction" tbat nieans surface to surface friction and "sur!ace geometry · 
frict.ion" which includes "friction" dueto a momentum which has to be .•. 
overcome (Fig.3). Hydrodynamic "lift torees" may be amplified by semi- -:·. 
static water pressurea caused by the ouper..,.levation of the water in the com: __ ,.:_ ---..... ··>· ._., ··-- _,,..-- ...... . .. •.::·· 
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Fi¡.3. Vori<>uo lypes oll•i<t.ioo oecurtin,a: in • ro< k mound. ' . 
The en tire force developmeñt and distribution consequently bet:omes very 
oomplex and it is very d.lfficult to ... tablis.h genenLI rute. for thelr combinations. 
With resped to the usually patcnted multilcgged blocks, the situation be.:omes 
even more complicated because o! their relatively large aurface area compared 
to their wei¡:ht. They cause hicher total drag.,. well.,. inertial forees whieh 
are bolh adverse to stability. Their higher permeability oompared to natural 1 

' bloc ka has the sam.e adverse effect.s, ou these blocka will be ¡ubmerged. in water · 
which cauieo fast fiows upbound u well u downbound. 'lb e upbound Ciow, 
which ha. a component downward in the mound, increases stability, the 
downbound fiow works the opposite way. A• velocities""" highest in the 
upper part of the annour layer,lift fon:es together with buoyancy may 
"fluidize" the block !ayer, mnking the bloc ka fioat around, bumping and 
damaging each othcr. Thís happen• most euily with long·period waves 
(U.S.A.C.E., 1976). In a practica] Hn•e there is therefore alimit for the . 
perrnubility of a certain vol u me of block in relation to it.s weight. A• forces 
are unequally distributed along a slope, the Jaid limit ís not the aame every­
where which in tu m mean• that blocb obviously &hould VlliY in welght or 
in geometry or in both along the slope"" discussed later. 
· With respect to thc multilegged patented concrete blocks, their interior 

friction by interkniUing i• by far ouperior to natural roe k blocks which 
provide little or no inl<'rknitting al all. 'I'he !rlction between the multlleg¡:ed 
bloclu and their subl.oyer, however, \1 nevtor o:~.tisfactory beca use these block& 
are sitting m o"' or 1= looscly on llle top or \he fint sublayer with only 
relatively few "contacl·point.o", contra.t)" to the situation with natural roe k. 
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And it is undoubtedly very important to ha ve a good eontact bctween armour 
and oub!ayer for tbese artificial blocks because they are alwaya placed on es 
steep a .<Jope e possible ( the re!atively more costly mat.erial). 

When rubble mounds,lncluding artificial blocks, are placed 1•at random" 
(pell-meU), no actual attempt is made to make tbem coopenote In resisting ~. 
the forces to wbich they are subjected. They are supposed to aupport each ·. 
other in all dlrections at random or incideotally by tbe geomet:zy they have. . 
lll thil respect the interknitting concrete blocks have an advantage compare<! 
to all other blocks even if they are only placed at random.ln regard to . ' , -
mounds of natural rack it is very obvious that the stability of such mounds .. 
can be improved greatly- and u demonstnted repeatedly (Kidby et al., 
1964; BruUJl and Johanneson, 1976)- by p!ao::ing oome of the largest b!ocks 
as binders perpendicubu to slope (Fig.4a) or by always placing the longest 
side (a>b>c) perpendicular to tha slope (Fig.4b). Sorne o! them may stick 
romewhat irregulluly out of the "theoreticalsurface" but this will redtlCt! 
uprush. Such placi!IIIent reduces 1.1pliffas well as dr8g and inertia fo,-.,es and 
friction against the sublllyer is increased •iml.lltaneously d1.1e toa better 
"rooting". Although it cosl.s more to place blocks in that way, practice ohows 
that savings in volume balances increase o! costs in placement. 

"Rooting" of multileg~ concrete annour down in the first roblayer ls not 
done but it ls Common to place the fi.rst ]ayer o! Dolos blocks with one 
anc:bnr stock parallel to, the other perpendicular to the slope. This m ay e.g. 
be~ at the st. Cyprian breakwater in NW Spain. The fi.rst !ayer of 

· tetrapods is natural.l.y placed with three lego resting on the shpe. Placein ent 
"of the next (uppennost) !ayer "o! these blocks is not uniform but atl.empta 
may oft.en be ~een in placing blockl with oome mutualoupport or interknit· 
tlng simply because the 1uperv:isor and bis crane open.tor instincUy try todo · 
that. There seem.s, bowever, to be no quantitative data available on the inOu­
ence ~! such a "part..placement". ~?" the other h1111d, there are many caseo 

Fl1. 4, Plocement of b!.;.oko with tOo lon1 oide po-rpondiculu to U.e olt>po to ¡,.,... ... 
oubility. 
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· available of "poor-placement" seen from a bydraulic, wave mechanics, wil 
mechanics u well u otruct~ mechanics point of view. This is mainly true 
for the fust otructures built of mult.ilegged blocks. Structural drawbacks 
(Plough, 1979) may be aolved by st.mctural means such u reinforcements by 
armour steel and by the omisslon of elements which are too slim. The problem 
of a proper binder between concrete b\ocks, annour and fust sublayer, how­
ever, st.i\1 exista. How may it be solved? Theoreticlilly the answer is simple ,·. 

e.· 

(provide more frictlon or rooting). In practice the questlon is how? . . 
In the case of a rubble mound the problem is not too difficult to handle. 

Binden (Fig.5) could be used. One only has to make the surface o! the rrub­
layer rougher, e.g. by lctting some of the larger elementa a tick out befare· 
placement of the armour. But these elements must still be well rooted in the 
ne:o:t sub\ayer or in the core. The lmportance of this is, needless to llll)', most. 
evident in the case oC the steep alopea- that m~ with artificial blocks; .. . 

• • • . ... 
. ""' . .... . 

( )¡:; 
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Another -Y ofaolving thP problem could be to use subilyen of the same 
kind of blockl u the armour but ocaled down according to similar rules as (. 
nonnally used for sublaycn. There ls, however, no guanwtee that this J>ffSf!llll · · 
the optimal 10\ution. A block o! a ditrerent, that mean• better, sublayer-inter- · 
locking geometry m ay prove to be better. Research will hne to be done on 
tllis •ubject be foro the advant.agl!! of using such a system can be clarified. 
Summarizing the above-mentioned, one arrives at the fo!lowing general rules 
for block stabllity: 

( 1) Hlockl should provide high penneahi!ity, be rather atreamlined In 
gcometry, thereby inviting forces u smallas pouible, but at the oame time 
providing su~tantial hydraulic friction to decrease uprush. Bloclts should 
h.ave a good mutual friction as weU u considerable friction in relation to the 
fint sub\ayer. · . 

(2) From a hydnt.ulic point of vi~w. blocks should therefore be round, 
From a mechanlcs point of vlew they ahould be provided with anchor pins 
in al! directiono. Thl! best blocks are those which "stick t.o¡::ether" or :-1rom 
~h on mounds of quanied rack -tbose .. t.ich are br;st "anchored 
down" in the next \ayer(•) o! the mound. As c~plained in Bruun and 
Johanneson (1976), oteep mounds a\so cause 1ome oqueczing of the oingle 
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members, This, hOwever, m ay become very dangeroutMd may final.ly 
r~sult in collapse if one block jump• oUt, as has beEn experlenced with 
artificial blocks. A stteamlined block-¡eomet.ry cuts down breakdown 
torces and friction {rough irregular surfaces) and irregular (peU-mell) place- · 
roent rncrenses stabl\ity forces, , · , • ' " 

(3) With respect to the 1ublayer, it should consist of block! large enough 
to arre$t them below tbe armour layer. An effective "anchor systern" 111 
mentione<l above, m ay pose problemJ on placement. Grouting of !he upper 
rock !ayer consi!;ting of blocks which are able to pass down through the 
armour !ayer, bowever, could sol ve the problem if ou<::h grouting can be done 

'cffectively. ; -. .. . • , 
With resped to~age the question ~ whether- apart from rninor 

int:roductory ''adjLUtment..J.amages":-it is wise to tolerate any damage at 
all. The oo-called "no damage-no overlopping criterion" leaves the deslfner 

.· with a design which he knows only on his own dictated terms and not with a 
structure which may otart coming apart randomly and most like!Y will con­
tinue dOin¡oo if the otorm continuea. <lreakwaters which stabilized.atter a 
considerable amount of wave attacks are rare, however, but they do eJ<ist in 
cases where, intermittent!y between the stonns, feeding with new blocb wu 
undertaken. This is a common feature with Norwegian break water.<. lt is, • 
howeVer, nota satisfactory technical or economical procedure to let nature 
takc over the fu!! responsibility for the destgn. Prevention rather than cure is 
not only better in medica! but also in engineering practice. 

The •labl/ity o[ the armour /ayer <U a whole 

The dllfation of asevere •tono is Very important for the stability. Figure 6 

(
.·. il;" •cherna tic showing lrreakdown in relation to the duration of storm1 and 
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Fi¡.6._ Schomalie doo.;ripti<>~ of bf"Oolr.do..,. of rubblo mound In f"OloLion 10 dontion of 
otorrno. 
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mod..;; of deve\opment of damp¡¡e, the ultima te resuli being til'e s-ame. The ·.". ; • ·~_( 
ocbematii:• assumu that initial damage sturls at the s-ame inteñsity of the e . 
otorm.. lt,. obvious that tbe "tougbest design" under othenrise equal con-" · · ··. 
d¡t.tons i.s much to be preferred to the "brittle de•ign". Speaking about the . '• • , 
long-term fatigue development, the development of gradual damage could · ·. 
al.so be different for the two kinds ofstructure•and be relate<! to very differ-
cnt deSign · characterislict. Steep slopes are common -.-,itb artificial (concrete¡ :r • , 
blocks where structu:ral otabi.lity, induding soundness of material, also pl.ays .~ .·. 
an im¡>Ort.ant role. Concrete elementa, particulat!y if they are 1\im, mayas ~ · ·' 
mentioned above breakrclatively easily if they somebow getjammed and :. .• 
oubjected to Jarge moments by breaking or uprushinll waves (Plough,l979).' ' • 
ThiliWill hardly ever (cannot) happen with mounds of natural rock but has 
beeñ e;,:pcrienced with oome concrete b\ocks (Plough, 1979). ' - -·. - ""·•~~: .. 

•Artificial mullilegged blocks unfortunately brcakdown fast when damage ·. 
fint sbrts. The apparent "britUeness" of arti.fi.cial blocks in ..-ave mechllnico 
""well as in structural reopects, as visualized by Fig. 7, makes the advantages • 
of uslng them smaller compared to natural blocks be<:ause they have to be · 
designed with a \arger sofety factor. The Nzo facton forO or for smllll init!Bi 
damages therefore are not reliable- or objective- factors for compa:rison. 
The con.equence of this situatlon is that it may be cconomicBlly well justified 
to use rocks compared. to artificial blocks up toa higher weight than ju¡tified 
by "eommercial K o values" and the more objectiite Nzo value•. Thil situatlon 
becomea even more pronounced when wave attacks are not perpendicular to 

"the bi:eakw~ter alignment but bave 1111 easential component parallelto thc 
breakwater. 'i'bill weaken• the tt.ability of artificial bi<>Cks furtber, u preven 
by c:<periments in scverall.aboratories (Florida, Denmark, Norway el.c.). 
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The condusion obviously is that natural block! ofoubstantial ch111ader . 

ohould he used whimeV<!r available in adequate quantity, size and soundness 
ol material. The Jong-term economy which also include. con"siderati<m to 
future" m:>intenance is a major ítem in planning and optimization of any 

:particular design of a breakwater in the future. And the o\der a break water 
be.; o me$ the more obvious is th.i importan ce of the materials used. Break­
waters are built to lut. In sorne count:ries of low "maintcnance disdpline", 
they are allowed to coUapse gradually. The uses of artificial materials, nrsL. · 
used at 1'yrf! in Phoenicia (present.day Lebanon), later at Ostia Rome'a sea-' 
Port on the Tiber and for aboui. 100 year.old breakwatep¡ in Europe, do not 
provide evidence for advanta,ge ofthe use of arlifii:ial blocks iC natural blocks 
can be found. 

At Tire, Ostia, in England, Holland, Frunce, e.nd the Scandinavian countries 
concrete structures oometime• deteriorated too quickly. stonehenGe and old 
marine structurea in India, China, the low countries of Europe, France, 
Englaml and Scandinavia ate still there. They were built to lo.st. 

PractictJI cla.ssi{i=tiori o{ damage• 

RCport No, 7 (Bruun, 1979b) discusses damage modes' and damage mechan­
.· ic• base<! on pructiciLI experiments. When damage occ!llll in tbe prototype it 

. · moat often starll around the M.S.L. lt could, how~er, also start in the upper­
most part of the mound in the crown dueto beavy overwash.ing. This happens 
when breakwaten are too low. The normal case mentioned above is that lhe 
front slope starl.ll "&~~cking" (making an S..shape). This may happen in a more 
or less graceful way.lf sorne block.. in lhe uppermost armour m ove down to 
an elevation bclow or at the M.L.W.Iine While the second armour !ayer is 

(. · .. not damaged, the mound may etaope trorn more serious damage and repairs 
· · may be efle<:ted in time(...., Bruun; 1979a, p.l, and fig.2). Rernoval of part · 

of the upper annour !ayer doca not necessarily mt'8Jl a fatality. The more 
aevere damage, lVhich could de~elop to beeome a total destruction il allowed 

· to continue, is the re m oval of the second of a two-block annour !ayer cx­
posing the firat sublayer whkh wa.¡ not designed to Jtand up directly to · 
wave forces. In such caseo breakdown may procl'ed fast until complete 
"destruction". nién the time parmneter obviously becomes very lrnportant 
for the fa te of the mound. 

A similar practica! description of the otage and oequences of damage ohould 
probably be adopted in laboratory pn1Clice. 

Damag~ levels 

The problern of "damage leve!" nilies two questions. One is conccmed 
with the deHnition of "damage Level" for similar desi~:~n {structurcs) which 
can be compared directly. The olher refel'$ to attempt.s to compare varlous 
&tructures. 

• 

.. 
' :;. . .. . . 

,. 

' 

~-·;.· ·~ ... . :~ ... ~:. 

• 

' 

' 

.. .. 

.. ·. 

·-'7 . 

. . 

.-. 





. - ''· ... 

. " 

:.·;,•,,:::~ 

_; ,;_;.~;/·,' 

' 

' . 
Comparison between damages to various strudures is very difficult a.s 

damage mwt be defined in relstion to cert.a.in leveh, As variow typeS of ¡ 
atructures demonstrate very di!ferent damage modes and breakdown pattem, 
a "Straight comparison".i.S not possible. The only 5enoible way In which 
damage to structures of variollll design can be compared is by considerlng the 
coru;equences of the damage. In other words: What would be the neit stage 

. of damage to be expected to develop and what would be the further corue-
quence.? · . . 
RATIONAL DESION ·" 
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.. 
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,,_;_.::-.;.,-¡;. Dn/¡pl (ormuku -·. .. •. ' . . . .... ¡' .-.·; .. --··· .---~ , .. _ ,_ . ; 
The development of üle numerous "design-formulas" mentioned and 

cautioned Jeverely against by the Intemational Waves Committee of the 
PIANC in it• 1976-1977 report (PIANC, 1976), is, in fact, a wmewhat sad-·­
result of a by far too long-lasting perlad of just empiricilly based laboratory 
cxercbes which, in tum, resulted in little or no progre!& in phjroical Wlder­
rrtandlng o! the ¡rroblem. This is clearly evidenced by the "dcsign-fonnula." 

. majar d!sagreements associated with an end!ess col!ection o! "consl:ants" 
which were not constan t. at all as described by the lntemational Committee 
in PIANC (1976). Chanicteristic in this respeet are the attempt.s to distinguis.h 
between "non-breaking" Md "breaking" conditions without defining tbe type 
o! breaking which is all-important for the bydrodynamics Md !orees in volved. 
lt U. not even otated whether bieaking take• place on, at, or in !ront of the 
brcakwater! The practica! engineer or supervisor -In private- there!ore 
m011Uy had l'lews which often deviated considerably from con....,ntional-. ·-
laboratory-thinking. · r· '.· 

Based on bis experience, the Dutch field engineer knew that uprush on the \.. · 
dykes penct.rated to its highest elevation wben waves were long and that this 
happened mainly at the end of the stonn in thC fint pbll5e1o of attenuation. 
The DMish dWle engineer observed that bis aand dunes or ''sea dyke" slid down 
(llwnped) during the attenuation phase wben WIIVO'I tan up higbeat Md 
eventually ove ..... uhed the a<>Wil, wbile during the peak of tbe rtonn uprush 
wu lcu and dame,ge mainly concentn.téd in the dcvelopment of erosion 
ocarpl on the front si de of the dWle. The NorwegiM fie!d oupervi5or was 
oometimes able to follow the dest.roction pattem at closer hand. He may not 
ha ve noted the introductory damage during thc peak of the storm, but he 
JBW how the majar breakdowns devcloped dueto large and long waves over­
running the en tire structuro during the latter phases of the dorm (Bruun and 
Günbak, 1978). During recent years a bctter und!!ntanding of the basic 
hydrodynamic upect. of thc problem has bcen gained allowing a more 
1111Jonal, notjuat a fonnulae- and wave generator- approach. Relults are 
published In K id by et al. (1964), Bruun and Gllnbak (1976, 1977, 1978), 
Bruun and JohMne5on (1976), PIANC (1976), Bruun (1979) and Plough 
(1979). 
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Short- cnd long·lerm te.t crlteria . 
·; ' ' . ,-;_ -:.--~ ·:--. 

One must distinguish between short-term arid long-term, couespondirlg to 
nature's own way of testinli a particular structure. 
· Short-term extreme events usually present the actual d""igri criteria. In 
most cases stability is the most important and adan;.ant criterion while a 
certa.in amoUIIt of overwash m ay be a.llowed. In other ""se•, the require- _ 
ment for a minimum oC overwash is mandatory due to the use of the area 
just behind the mound (Rottinghaw, 1971). .- • 

Jt is necessary to test el< treme storm• u they are expeeted to develop in 
all phases. It is also necessary to ensut<l that seale effectl do not occu:r, . - • 
cither in the hydrodynamics or in time (dura tion) ru;pecta. 
. Long-term d~ accumulates from sma.ll damag"" over many yean. 

Initially it is almost ldentical with 0-damage conditions. The character lllld 
eJ<tent of su eh damages depend not only on structural and wave mechanic1 

. characterislics but also on the actual "workmanship" during construcl;;on, 
at !he same time disreprding the fact that some damiiiJe alwayo happens in 

· the introductory phas-es.ln addition, th<1 mound itself will undoubtedly . 
setUe somewhat- and the underlying ooil may also giv<l way by compreaion 
and consolidation. Considering the fact that placement of 25 blocks in li row:a 
horizontal and 5 rows vertical (along the slope) includcs a total of 4,84 X lO" 
variants, disregardin¡ those comhirlat.ions which are symmctrical around a · 
vertical in the middle, it is clear that two wctions of the mound can hardly 
be expected to bebave ident!cally. Dueto !he huge number of possihiliQes, 
those which obvÍ'ously are going to demonstrate the highest deg:ree of stabil­
ity, however, wiU narrow down the nwnber of practica! possibilit.ies. ll all 
blocks demonstrate the same degrce of stability in a certain equa.lly ex posad 
Jone, they should have equal weight and nn allover symmetrical geometry, 
Thio can only bé achieved by regular block geometry, that means by using. 
concrete blockll- or gabions! There should, however, alwayA be consistency 
htltwcen action and I1'&ction. The above also sbows that il lo risky to use­
block.& of "in volved design ". increasing the possibilities for failures. Practice 
has established thio. 

The local strengtb m \lit be determine-el "-' 8n enve\ope covering all pos&ible 
· muima. Figure 8 show• such an envelope schematically. lt would be practica] 
if \ahoratories provided the •ponsor of tests wilh su eh an cnvelope to be used 

lnv•IOO • ~• !o«••"" .,oo,wohc 
-g..-ong th< """;!lt> ol '"• .,-.,,.,,: 

Fi¡,S. Enulo~ of m.uimuot f<>foeo on Nbblo mound bnU .... tn, 
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for detailed design in cooperation with the laboratory, by placement of the ; ' 
he_aviest bla<::ks where they are most needed. In practica! tern;s thi.s means that: Í- ." 
_ (a) The ~isk o{ damage should be evalu.ated al\ along the olope .. · . ·. '·· 

(b) The consequenct o[ damQ,ge ahould be eval11.11.ted Conse<¡uence may, e.¡:., < • 

be measured in cost.s o! repain. 
(e) Risk times consequence will then bé the practical basis for deoign, 

'ibis &hould not mean ony kind of impractical "over-sophistication" or the 
con.tructimi work but just that placement is "as intcUigent 11.'1 possible", , 

Report No. 7 mentions the seledion of short-term criterla for deilgn with 
partkular reference to "Final Report by the Waves Committee" (PIANC, 
1976). Probably the most radical chan¡e in rerommended practiee in selec- . 
tion of design criteria for practica! and safe design of a rubble mound struc­
ture VÍa:! the introduction of the ~ "' tga./..¡Tl"/L; factor which created the ba.si.s 
for a more ratlonal and .ate design procedure. The new deslgn criterion b the · 

. result of meticulou• atudies of wave reoords from the si te In question, 
indudingspectral char:llcteristics and runs or sequences of waves which are 
particularly dangerous to otahility. This involves investiga.tions of groups of 
wave height& as we\l as periods (usually thii goe; tógoither) mainly for e:rtreme 
evente, considering al\ phases of the storm and ranging from thtl genenotion . 
ph~>Se over the peak until the attenuation phases (Ewing, 1973; Rye, 1974; 
Bruun llfld GUnbak, 1976, 1977, 1978; Goda, 1976; Chskrabarti and Cooley, 
1977; Houmb and Vi k, 1977; Günbak,1978; Houmh et al., 1978). Report 
No. 7 mentions recording of damag,.. by rational methods (Bruun and 
GUnbak, 1978; Kristinwn llfld Elliwon, 1978). · 

A high d~ of "int.ertangling" llfld friction ;. alwaysllfl achtllflbge. 
Permeability has proven to be • queotionable advantage !or stability. The 
artificial block mounds of higher initialstability are not "good looser.". 
When damuge f¡rst start& it tends to progress fast. Mounds ot these blocks , 
do not fail nearly as "graciifully" U rñouñdS bli!ltlip-Of ñitUral rock do. This _, 
i1 dueto their oteep slope and to their bigb pcrnuiahility which makes them 
"run-full" or "fluidize" and slide down. Long waves are particubrly dllflgerous 
in lhis respect. Whilc the .0-called "no-damage not overtopping criterta" may 
be argued for normal rock mounds, which usually disinl.egmt.e rather dowly 
in "step.o" and not in "olides", i~ ~ema much more \ogical to use thes.e criteria 
for mounds of ai"tifidal blocks because initial darriagi. m si be followed 10 
quickly by fatality (Bruun, 1979). However, we have to face the reality that 
it is very difficult or impossible to gct the large-size natural rack, meaning . 
blocks abo•· e 20 tonnl'l. For heavily expo..OO. breakwaten, artificial blocks 
have therefore now lar&cly taken over the block markrl, even in a mountain· 
ou• country like Norway (Kjelstrup, 1977). This, in tum, ha.s resulted In a 
!arce number of practica! problems inc!uding: 

(a) Manufacturing o! coÍ!crete wlth as much resistance to weathering as 
possible. 

(b) Proper atorage of lhes.e block$ for maturing. 
(e) Placement of bicx:ks without damaging t.hem. 
(d) Proper equipment for sale placement of t.he blocks. 
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Althou,gl;.this paper is not in tended to deal with all these practicalsubje<:b, 
Wbich ..,hand!ed-well in many papers by highly experienced authoro, it is 
cmphiciiBI vely strongly thnt placement of blo~ks without dWllaging thcm 
ls very . .,.,.,tial, Fallures have happened which could be a result of breakagc• 

- :to blocila;With oliin i:eometry placed in thi= most dangerou• arca at tbe M.S.L. 
1\ne (~. 1919). For thia reason, it is also best to w.e cianes pla<:<!d on 
the breabater as it is built forward or on a trcstle as it is oometime• done 
(althoui:h we know from past ellperience that thia is expensive ), be.,. use the . 
use of n.ting equipment cause~ more breakage due tu wnve motion making 
the blocbbump against each other. As breakdown quite often occun as 
miW sUda, particular\ y with the steep slopes, st.ability a&airut sliding by frie­
tino bet-..,n annour and the fmt sublayer is a necessity, One way of achieving 
thio is toprcpare the sublaycr, \tSually built of quarried roe k with a surface 
a,s rouglta possible by simply tuining sorne of the hlocks w that the \ongest ; 
side ls poq>endicular to the s!ope. These b\ocks &bould, as mentioned ear\ier 

• 

with remnce to Fig.5, have their."root" down in the sublayer. And it is' ,. 
Importa!. that alllayers are thick enougb to absorb varianCes in thickneu --.----·· 
without.Dsks of weakening the structure. The strength of a chain is well· 
knowniD be the strength nf its weakest link. Very often thete is a marked 
diffeno"""' between the dra!trnan's design and the way it '.'came _out". 

DAT .o\ Xl!!mED FOil. DESIGN 

In or&.r to design realisticaUy it is is important: 
(1) To tnow lhort."tei'ID 111 we\1 as long-term wave statiatia in detail. This. 

indudoslb.tistica on Wave steepness and uouping of waves as we!lu informa­
. tion on the frequency and duratiiln of stonm of a certain magnitude, defined 
In wave bcight and period ranges (Hudson, 1961; Brettschneider, 1963; No\ te 
~~nd H..._l972; Rye, 1974; Longuet-Higgins, 1975; Bruun Md Günhak, 1976, 
1977, 1978; Houmh and Vik,l977; Houmbet al., 1978; PIANC, 1978).' To 

·evaluate -aves in lhallow water, detai!ed knowledge on waves and water tab!e 
m \1St~ obt.ained (Jonsson llnd Jacobson, 1973), , 

(2) To undertake analysis of the avai\ab!e W11Ye data In order to produce 
realiotic bydrodynamic and practic:al criteria for model experiments. The 
inoport.ance of the facton fi!<'Ommended by the Waves Committee of the 
Pennanmllntemational Auoci.otion of Navigation Congresse• (PIANC, 
1978) ohould be eonsidered. This includi!S probabi!ity and ri•k analyse3 based 
on the E-factor (Bruun and Günbak, 1976, 1977, 1978) as weU asgrouping of 
hich waves (No\te and Hsu, 1972; Ewing, 1973; Rye, 1974; Longuet-Higgins, 
1975; Goda, 1976; Chakrabarti 1r1d Cooley, 1977; Overvik and Houmb, 
1977). 

( 3) To predict wave--climate eonditions during tbe coll5truction period 
(Bruun and Günbak,1977; Houmb and Vik, 1977; Houmb et al., 1978), 
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enabling the con tractor to proeeed in the sa!est and most economieal way so 
that the des.igner and bis dient can t.ake over a through and well-built ("to- • 
spedfication") structure and nota product which is scarred by irregul.arit.ies 
and wounds, sorne of which are not (and could not be) properly healed. Con­

. aequently, damag._.. may soon happen ruid may wind up in complete destruc­
tion, 
Other informatlon needed for design includes: · - ,. • · ·. 

(4) Data on the st.ability of the bottom &urface and lower layers should be 
we!l known. This requires soil mechanics testllll!d analysis. 

(5) Materials to be used must be sound and must not submit too easily to 
weathering, pos.sibly including ice exposures. ' 

(6) The contractor should have the proper equipment wh!ch allows sale 
"plac..meot o(elements in the otructure (Kjebtrup, 1977). ': ·' .,: .· ... -· 
Genem.l requin!ments to design construction and maintenance \nclude: 

(7) The designas a whole as wel! as in detailshould be pradical. Fin~ 
drawings and laboratory testa are not enou¡h. It may not be possible to foUow 
tbeae in practice (Fig.9). • 

(8) Supervision mmt be strict. By lar too often supervision has been sloppy. 
Good supervision requires a full understandlng by the supe !"Visor of all aspects 
of deslgn and construction- and therefore also aome good old field engineers 
or foremen who ha ve good eycs anda lot of eJ<periences with wave•, maleriab 
and e<¡uipmcnt, making it possib!e for them t.o improvise and not leave thio 
Upl'('t sole\y to the contracto!"$ discretion. An engineer may be good on roads, 
lll'Wen and brid~~. but this doea not necessarily mean that he U also good in 
marine 1tructures. Tbe cheaped bid may &Ound attractive but it is not necet­
oari)y the be•t choice. Earlier experience is- or should alwtly• be- a main 
!actor. Bdter and more practica! equipment hu been put to use during rec:ent 

,. 
< 

ye&r~, e.g. backboe and splithuU barges. ( 
(9) Tite !dtuatlon and the appelllUlce of the breakwater upon its comple-

tion is care!ully record..:! by adequate Survey•. 
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·: (10). developme;,i of break water stability is followed closely by ourvey• · 
includiq:: photOgiaphy. The best, needle.s to say, would be to inat.all a wave 
buo:yrmtront of the strudure, e.g. at 2()---40 m depth and corre\ate an:y 
dlllTioge-.ith the observed wave action. 

(11) All malntenane<:r ahnuld be ,..,arded not only "in total" but in detail 
wh.ich pom~its judgement u to wh:y maintenance wu particular! y heavy in 
certain i...tions of the break water. The wave situation which caused the 
dwna¡e6ould be thornughly recorded in all details which are nece...aiy for 
analyili~the wav .... tructure interaction. · . 
In its r~:~~~hection, Report No. 7 (Bruun, 1979b) mentiono laboratory proc:e­
dureo e.lsuggesi.s {¡uantitative analyses rep\acing the earlier practica o! . · 
countill::of block.. which "left the slope" and/or "rolled down" a most 
uns.atis&clory. ~perficial way of classifying and measuring damage•. 
The OIIDS (optical breakdown oenwr) ill mentione<l in detall in Kristinson' 
and Elaon (1978). lt is useful for objcctiv., recordins of da.tnages up toa 

eertain '"•!. . . . . . . . . ' . . .... 
PRAcncAL ASPEcrs OF DESIGN ANO CON5I"RUGTION OF HREAKWATERS 
WITK SI'II[:IAL REFERE.NCE TO NORWAY · .•. • "' · 

•• • • '· '. . . 
Introdudion 

In p!mning and building breakwaten exposed to !he wave action of in ore 
than a aormal fjord sea, clase cooperation ill rnquire<l between those who 
design Coe breakwaten and penonnel who have practica! experience from · 
constn>d:lon work. 1t all too often happens that conotructiono, which trom 
purely tbeoretical or laboratory consideratinn••e-em reliabie; may prove to 
be very difficult or unnecessarily expensive to bui!d. 

lhlfortunately, it has become usual in laboratories around the world that 
per10o~ have on!y laboratory e:<perience and little or no pracliea! e:<per· 
ience. At the same time, it is unfortunate when central authoritics are full:y 
occupied with adminilltrative adivitiesand on!:y ha ve been able to follow 
developments in the field through aporadic inspectiona of buildingoite1. ln 
arder to find asolution that ls favourable from IIIl economic u wellu a 
technical point ofview, do.., cooperation betwe-en lheorists and practitionen 
Íl nel!dcd. Only a few ha ve experience of both. 

Thc writen, together with co\leagues et.ewhere, have founil that this 
oituation is common everywhere and not confined to any particular nat.ioo. 
In some countries, breakwaters are planned by consultants and buHt by con· 
tractors, w that the govemment or the builders only carry out the inspee· 
tion. ln other countries, among them Nonvay, phmnlng and conotructlon \s 
canicd out by the govemment. The govemment undert.&kes investi¡ation•, · 
does the planning, handlet building policies anil comlruets the harboun. In 
thil; """" not cnough emphiiiÍll may be put on &upervisory activit:y, and one 
does not have the guaran~ of economically apprnpriate and technically 
wund work which results from competition. 
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The following is a brief •ommary of the conditions whieh must be clarified 

and abo the mistakeo that may arise if the coordination betw.,.,n-the various 
authoritles i.o inadequate, or if individual$ or groups procced with inllulficient 
contact with other profe,.ionals. lf more complicated condition• wlth severa! 
'possible altematives are involved, three-dimensional model test..s will usually. 
be carried out in order to rmd the technically best solution. Now almost all 
such project..s seem to have a política! edge. Sinc.e it is the polilici.ano who. ---­

- final!y make the deci!ions in our democratic sodety, lt often happe.,. that -: 
the technical viewpoint..s must give way to política!. In olher words, the. 
herbour may be built on the wrong place seen profcssionally. 1t is not unusual 
that non-technical consulting companies desígn breakwaters for 30 and 40 m 
deptb.s. Labomtories too, may propose solutions that are probibilive dueto 
the costo •.• '-:.···.·- · ,. .. :::' :- ., ..• ' ··.: · • ,-. ~ ·- ·•.,· .. ·: •: · ,. 

: .•. + 
Desigrz crileria . . -· ..... ~. 

,_. . 
If aufficient time is available for pre.fltudies, one gets the most reliab!e in­

fonnation on waves by recordlng them over a period of at leut one year, 
prefcnobly longer. In many places visual ob5ervatioru. can be most 'lllluable. 
It is alway• advisable to listen to what the local population has to say. 

Regerding existing conditlons one can usually get objective informatlon. 
On the other hand, information is otten given in ordcr to acquire a particular 
<ite or harbour geowetry, one must be careful as su eh infonnation mote or 
less unconsciously m:o.y tend to punue one particuhu solution • 

Clwice of breizkwater pro file 
' ' 

The choice of construction rnatcria!s is Importan t. The buildins materiah l" 
locally available have great innuence on the breakwat.er's CO$t.lf there ts good 
local roe k, one musl aeek a breakwat.er consttuction with the greatett possible 
liS(' of quarried roe k. Concret-e ••ill al,...ys be more expensive, and if there is 
no conCI'f'te IJI!ld at the s.ite, concrete block! of variom kinds (tetrapod1, dolos; 
triban, etc.) may be<::ome very expensive. Choice of concrete may be e.n is&ue 
at si !.es where one ba.s poor rock, but a good supply of &and for construt:tion. 

ChoiCf! of ~quípm~nt for corutruction 

In order to build a particular profile, mcchanical equlpment with particular 
qualitie• is required, e1pecially for lifting (ton-meter capadty). Mechanical 
equipment ha. been under rapid development in recent times. Machlnet that 
were u1ual just 10 yean o.go can no lon~er be med today, In Norway, how. 
ever, thcy may not be allowl'<i by the Norwegian Labour Commission! Ctan..:O 
on tracb have now diuppearcd lrom construdion 1il.es. 

Transporta !ion equipment too \oola different now from the way it used to, 
be.It is especially in thia field that consultants and 1upervison, who make the 
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'" 
dedsions on purchasing of equipment, have not always fo\lowed the develop· 
ment dosel y eoough. In this field, c\<>5e cooperation is urgenUy required be-­
twPen the field supervisor who hu the practica\ ex perlen ce, the person :o"'ho 
is to dcsign the profile, and those who wiU approve the project. One h"" to 
have IO<:aloite experience in order to know and understand completely all' 
the problems that willllrise dwing the construction ora break water. Short 
inspK:tións at the building si tes may orUy give a superficial imprcssion. lt is 
therefOre the construction engineer (and not the "des k man") who must have 
the fmal s.ay with respect to the choice of a hreakwater prof'lle. . . . . . 

Choice o{ pro{ile 

Practical considerationa are ofto:oo decisive in this IISpect. Details that may 
seem reliable, but which in reality are of minar importance to stability, can 
he expensive to carry out in practice. Abo, oometimes the 0t.ruct.>ues designed 
may he imposslble to build! The one who designs the structure must clearly 
understand under what conditions the comtruction engineer has to work. In 

. tropical waten and In ueu where one can count on long periods o!good · 
weather, certaln "theoretical" pro files may be built as they were designed, as 
long u they are not aU too In volved. However, it is urur.voidable, at any rate 
on the coast of North Norway, that one has often great difficulty in fol· 
lowing prescribed protileo, even wlth relative\y moderate wave action. lt may 
happen that one must make provisional protection to save the material al· 
ri.ady in place. This of cours.e meano that too complicated proflles cannot be 
carried out. The resull can easily be that builders put less emphasis on the 
b\ueprints, but build the breakwater according to usual practice andas they 
thlnk i5 be•t. This can be a problem if chan¡es_in the profile become neces. 
s.ary for reasons of stability. 

Length o{ construction period 

lt makes al\ the difference in the world for someone designing a breakwater 
to knOJV how much construction time one can expect to have, in Order to 

. complete the work. Hasty work lhould be avoided but may sometimes he· 
come necessary, ConslderaUona or rapid uecution can weigh 10 heavily that 
one i• forced lo compromise the Jtability toa certain e:<tent. There will 
alway• be sorne movement in a hmakwater during ib r.rst yean. Settling i• 
most usual, but washouts can alao llrise as a result of; 

(a) SetUing of suhaoil. 
(h} SetllinS or the rack m=, """ Fil:". 10 and 11. 
(e) Washing out of fines and pouibly snow in the core material. 
(d) Stonn damage. 

Therefore, it U usually best to build and leave 1 break water one or prefcrably 
two years befare one completes the pennanent consl.ruction. This inc:reases 
thc stability. However, the break water can be so exposed that it is not advis· 
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Fi1.10. llroakwolor prom• for • modlum llllpo-s conotru<:tioo o~ !be Norw..rlan uetlc 
cw.ol. 

. .. ' . .. . 
able to leave an open structure unfinisbed or unprotected. This m ay cause 
considerable utra work. · 

Qua/lty control 

In this reSpe<:t counlries wbere breakwaten are designed by consultan t., 
built by contractors Md lnspected by !he consultant have certain advantages. 
On !he other hand, il !he construction oupervisor keepo 8Jl eya open for !he · 
usual wealrnesses in a breakwater construction, !he wont calamities shou\d (' 
be avoidable. lt is, however, often !he young and less upcrienced engineen ·· .-
who "'" sent out to the oites. In sucb cases good contact between him and 
the construcUon supervisor is euential. Most importan! is that !requent 
lnspe.:tlons of the submerged part are undertaken, The ne<::essary equipment 
for oucb work ia a plumb !In e, a water teleocope, and at greater depths alto 
the we of diven. The most common mistake is that beeause of lack of under­
water inspection the ouperstructure is huilt on a foundation with a steép 
olope b~low water, 1! the blocks under water cannot be placed with a cmne 
barge ora crane on the breakwater cmwn with a long enough boom, there is 
no other meM of moving blod<• below the water leve] thlln by bla!tlng with 
small chMges, in ordcr to plae<! them in the (f'ig. '2) prer;cr:ibed .tope. Whcn 
a oolid foundation is created in this way, the supentrudure can be l¡uilt up 
with clamshcll Ol backhoe equipment, or with !he help of a crane. lf progreso 
;, to be made ln sevel-al stag~s. an ex.act work description is required. With 
espe.:ially np-osed wave breaker con6tructions where both floatlng and land-
based equipment i.s to be used, !he planner must have a complete knowledge 
of the functional operation. · 
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f'it.ll. A. !kuk ... ter .Cter nm .ucon of co......,<tlon. Both tlopeo .,.;lh ,..turalonJ!e 
( 1 :1.25 ). The jotty hu on utro h•l1ht of 0.~ n> 1 Gryllefjord, T>oms). 
6. Altor one or lwo Y"""' tbo blooh are r<mO"O"o<l hom the tlop••. oftd oon>• of tho coro¡, 
mo•od from \be ou\oldo 1<> tho In<>" do t<>aclliovo o different olop• of 1:2.0. All dono In ono 
oporation witb a mo<lium-alud ( 48 meuie l<>n) bl.ekhoe bo""'· 
C. Alt« hro n>ON no.ro tbo oel\ll:op h.ooe oomo 1<> u end and lho breal<wator U fioW.ed 
wllll «>neroto ""'"' aod pan.pot o:onoocted to tho umour bl""ko.. Scolo 1: 2!>1.1. 

In mariy cases sorne time must pass bctween each stl'p o! thc operation. One 
must thcn have to protect thc unfinished work so that it i• not los t. Tran•Por· 
tation o! heavy building equipment by sea or by land, and asse:mb!y U toda y 
so H¡>ensive that attempt.s must be made to ho\d such co•t.s down. Another 
consideration i1 that the labour forre mwt be adjusted according to the work 
that ii to be done. AH there facton mu•t be 5Ubjectcd toa joint evaluation, 
and even if thc designer knows the main features of the planned structure, 
he must not fail to listen to the supervi•ory engineer, who is and wi\l con· 
tinue to be the key man in the conslruction work. 
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Fi1.l2. A. An umtablo bt•k,..lot bead, buil! u¡> on o otee¡> oto~ b<to,. .,.,.,, 
B. D<>w-n·bl...t.ip¡ of lho underwa!et onnout blocko with omoll oxplooivoo I.Q <>btain tho 
pres<:>iM<Iolop ... . ---
CONCLUSI0:-1 

Evaluation of !.he otability of a rubble-mound &tructw-e must o! necessity 
considera number of facton, induding sorne which so far have not been paid 
proper attention. Thorough stabillty analyiH must include consideral.ion of 
the overall stability of the 8ll:DOW" and its sublayer{s), t.he stability o! tbe 
single armow- unit and !.he atrudural ~tability of the single WlÍt, Facton like 
"intertanpmg" or "int.:rknitting" of block$ are important and lhould be 
looked into. Fricl.ion between the armour \ayer and it.o r>nt sublayer is a very 
important factor. Data ne-eded for the design include adcqua.te wave data 
allowing short-tenn and long-term analy..,s use fui for e;.¡trapo!ationo, Partic­
uhuly important is the evaluation of steepness distrihution$. Reliabie labora­
tory pr=ed.rn_.. must be &eeured in futlll'<! model tc..ts and scale effecb must 
be induded in scal.ing. 

A number of practicalllipect.a must be considered in design to avoid.that _­
the finalttructure deviates too much from !he design. It la therefore neces­
oary, t.hat designen, builden and construdion oupervison get toget.her be! ore 
the design ia r111alized. 
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RE.\SO!!S FOR D;'.t·tt,GES TO Tlli:: ,\RZE':J EL DJEDID BH.EAK!;'ATER 

DECE.i·iBER 28-29, 1980 

- l -

Abstract Thc mnin tapie of this report is nn eveluatic 
of the rea!;ons for the f;:o.ilurc or hcavy da¡;¡ages to -the 
brenk¡.;ater. E<~.sic inforr.1ation a"nd r.:atcrial 1:-tclude: 
Site-in~pection in January, 1981, Pro~rcss Report by J:R! 
Junc, 1931, Final Rcport by DEI, :--eceivcd c:t 1\'l.<gust 2~st 
{DAHEI') lS•Ell, a:~.d rcport b:; C!'lristinr.i and Niclsen, \~hic 
is an inte¡;;ratcd part of thc DAREP. ' 
The repOrt also rnentions briefly the suggested rep~ir 
worl<s nnd .rr,nl<e a couple of overall St;ggestior;s ·for the 
final desie;n. · 

To avoid a voluminous and less ovcr-sightly report refcl 
ences are -.toa large extent - made to cxisting reportó 
or publicattons. The most im~or.tar.t or these are enclos~ 
as a total or 8 Appendices • 

INTRODUCTION 
. . . . 

--···- ··--To-rnakc -such-ev3l un tic~ .as_Dbj ec.t.ive _as __ p-css1 bl e ·it: -~las mes t pref e"r;,;b: 
to revie·,1 the rcnsons for damnr;es :o l~':>:1:1d BreukA<-.tc;·s 1r. ;:-~:-,¡,-:-'ll 

'. 

anC n-ext to cor.;!.-are the ::lam'lf;CS t,;o the A:-ze·o~ .el _DjiC.id bre"-i·:":;:¡.ter to 
the sencral expqrienccs on brenh:water stab.ilit~es and de.rr.OJ.¡;es. 

/-...<¡ "<:r, in te.-;:-:::. te::! p::rt o::' the :-epa:-t I h¡o_v<:? tho:-rcfor~ 1ncltldcd 2-rt:!.c 
On "Com-,on "~~~o,,· for D•ma"~-~ ~o 0 'b'"'" "'---~¿ »~~-'···~~~~"" _,.'-l< ...... r.· . • .. - ··'-'--> "' "'· ¡; ..... ~ ••.• ""-"' '"'"'"'" --'-~·--·--"·- • ~-"------
by Coast?..l Er:¡;;ineerinj- Intcr:Hitior.al" in 1979 as Ap¡¡enúix 1 (:·ef. ;,-). 
S.(¡~.Q__tlJ_Cn (t"ilo y_e:l:-s sor.~c furthcr pr..:.~~-e.s;; ::=ls !J,¡¡~n made pc:-~lc~;l:¡¡r 
in·the l"liWe .. h::d:-oc!ynar;:!cs ve:-sus st:-uctu;-es _.fiel,j. In rev1elf1nF; ~h~ 
197S'-article, as done in the report, the most."recetlt experience has 
becn ndded as óescribed in Appendix 5 añd 8 on '-'iaves, in ,J.ppendi;~ .), 
4,_ and.7 (Ciu~pt~r 3, ;:¡p l<;:S-223) on llaves versus structures, a:1d in 

· rc!'s. -4 and 21_ - (Appe!!C.ix ) and 4) on co!1stt'".1Ctions. 

. . 
·.-.:---: .-., .' GENERAL. ABOUT THE STABILITY .. OF fWUND BP.E.e.K':U\TEHS .. -.. . .. 

. . . . . . . n " 
Moui"ld b:-ca\~;:nters, by r.::.ture, are ;-athe!" fragile and no 1:onder. As . . .. .,, . . . . .. . 
cxplained 1:-: .!!.p¡:-cndix 1, Cor."-:'!on. :!le;!.sons · for D!!.r::ar;es · to ,•;O~lnd Er-e;J.;'-

.. \fli.téts", 1979~ sorne darr.a[;eS therefore, can al~ays be ·c;<pecr.eó., !Jut i: 
the design h&s becn.well done ano the construction cqually ;·,•e.!.l une;;-: 
t.alcen t,;¡-·,e ~i"la·.-oJ:,:,~'.li.e. !>Jit;icl superficial da:::ar;es to ar1am.a•. lnye:-s 
\rill fadfl out,--rollo·.·rir.g a fe·d sto¡•ms: · · 

Under equal eiposure along thC breakwntCr damae;es, ;tt~erefo-:-e; :till '!:; 
rando::lly dist!"ibu~ed. If a·brea;.:water fa:!.ls alont; a lont;er sectio:-:, 
leav1ng other sect!ons int::lct wit":-l.out damngcs, th1s J.s either ceused 
by uncqunl expos\.lr•c t,;o 1·:ave actl.on, uneciu.:J.l soils conc!itio:1, Ul~eq·..:tü 
mat~¡·ials, :l.ncl. l:later-:!.~ls hnndlin¿;, o:- uncqunl con.structi-:.u p:'OCc-:!.:: 
:l.n~l.· SUp!"!rvision. · 

Assuminr; lntrad'.lctorily thet nll Cllnditicns wcrc cc;.ual alo:1g the 
·".O.r:.>:e~s el Djc:J!.d ln·cak~;~ter rercrence is m~de. to Fig. 1 (Fie;. 1 of 

flppendix 1). 
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Dli!'oAGES BY KNOCK-OUTS --. 

- D;:uncge~ by knock-outs :l.re causcd Oy concc:"Jtr¡:¡tcd hydro­
prcs:;urc_s_most oftcn associuted w~th plunginf; ¡~aves . 

Thcre is no direct 
, but it is "on the 
= +anc<..- 1.25T 

rH 

otr.c:-

' 
·«. .. slope ang1c, T - wave pcriod and H "' \tave· hcight at the toe of 
the s1o¡;e, has bee~ 1ocated in the surgine breaker ¿¡rca, 1~hcre 
~ b > about 2.o, refc!'ring to b:·eeker condltions. 

ExaD!plc, using data ·from the DAREP report (1981): 

4 .-­
- 3.75 

If Hb is 9 metcrs, ~bis 3,1, still in the surging area. 

As breakers, therefore, du:-"ing the severe.storm in Dec. 1980 large::• 
·must heve bccn of the surging type, it is not likely thnt p1•.m¡;;e:-s 
occur:rcd. This d!.scloses the sl1ocit-pressures, which usually acccr:;:::o~ 
p!:ungi:-tf; ~taves, creat!nr; hi¡;h local pressures, "l;,ich may easily 
damabe block:.; in e:(posed positions and particular-1:¡ multilcssed· 
blcck.s, which ~till tend to "bride;c" cr "cantilevcr". 

DA.f'.AGES BY LIFTS 

General - During thc storm of Dec. 28-29, 1S8o,.waves of pe~iods 
cxcee.::ling lo zcc. occurred , particularly during the 1c.ter phases 
of the storm. According to earlie~ tests with Tctropodes, as e.g. 
reporteO on in refs. {15,17) "rescna:1ce", that means '..lprush/dc;~r:­
rush pc:-iod is ec:'..lal to ;-rave period (refs. ·2,),4,2o) m:~;-· OC!=-ur for 
~ -va1ues of abo'..:t .4 to ó for a Tetrapod slopc of 4/3- As expla:.;:.e.:. 
thorou.:;hly in refs. 2,),4, and 8 the condltion te:-med "resonance·' !~ 
chare.cteristic of the onset .:>f very deep do1~nrusnes and these 
dOh-nrushes sta:r very lo1~, as lon¡; as the wave pcriod exceedes the 
rc~t.:"!ancc pcriod. Simultaneously with the onset of resonance the 
stsbi1ity of the r.mund entcrs in a critical condition ·due to the 
follo';-;ing circurnstances (refs. 2,3,4, and 8) 

downr-.tsh velocities are r.~aximum. 
the_volo.::itics in the arr:!.ving "next wave" attain. 
maxi~~m ve.lues alonb the slope. 

(e) hydrostatic pressures from inside the mound obtain 
.maximum values. 

With ~re. ves of Hb~ ó,25 m and T .. 13 sec·., ~- bccomes about 4·-9 !'o:-· 
thc 4/3 slope. Tetrapode mound, or corrcsponding or closc to ro::s:: 
ancc. For hi¡:;i",cr pertod~ or lower H.s.vcs or- both, conC.iti0:-15 are 
still c1ose to reson::~nce ;:md on tt.c pP.rticular dan¡;crous side of 
thc resonancc period, 

. ·- ' 
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.. 
Thc que[;tion is no11, ho~r a 4/3 :;;lepe of Tetrapo<!-C:-~ b¿hitvc undcr 
such conditions . 
In arder to dtséu~s t1'1is subject let us, introductorily, look at 
the relntive .<.;tabÚity of mounds of multilcr;Ged blocks as compared 
to mounds of other blocks and at the s2me tir.~e investir;:ate ~rhat 
may be tcrmed "the optimum slope stability". · 

The reason for the invention of' the multilcgged blocks 'was tl'¡at 
they ~rere abl'c to stay stable for stecper slopes tho.n c;,uarr:r oro 
rectanr;;.zlar bloc~:s, thercby savi:1¡; oatcrials. This, ho1;ever, 
raiscs thc qucstiori of risks ir.volved in the use of such blockS 
on a stecp slope. 
Referring to elementary principles of soil mechantcs a steep slope 
of uñiform m~tcrio.ls .of course is less stáble than·n slopc of less 
stecpness. ThiS, however, still rcfers to a homosenous slopc and 
not to a slo¡;e, Hi1ich is built up of 1ayers of entirely differe~t 
matel-ials. · 

Looking at the· che.ractefistics of mounds· of mÍlltilegged block~ 'of 
· differe¡lt shnpes all ha ve larger pe:-meability, 45 to ')5~ th<.r. mour_és. 
of rectangular or cubic blocks or roc:t mou~ds (refs. 8 and 21) ... ~':: 
the first look such hi¡;h permeability ilppears to be an advantage, 
8s enersy absorbtio:-t increcses· (reflection decreases), and tr.e ccn­
sumption of materials deC!'"C;!;Ses by abo·Jt 15-2o% compa!'"ed to !'"CIC~ -
mounds anc! by about lo% compared to ractan&Ilar or cubic bloc:~s 
left .in pell-mell. C;1 the other hand, dueto less voli.:~e of .,,a:e:-:.~l 
gravlt:r forces, thereby friction bet;·teen bloc:.:s, beco,r.e le!:s, at t:=-..:. 
same tir.1e as fo::-ces by the flm~ing ~:at-er in the r.:ound incrC."1>'.CS· 
This in turn means thnt hydrostatic, as wel.l t>.s hyd::-o~yna~ic fo::-ces • 
..,hich both try to dislocate bloclts daring a downrush, incre;:.se. "!·:-.e­
advtmteses of usi:tg multileE;ge~ blocks, tC:";er~fo:--e, :rn:r be cut­
wei¡:;hted by d:!:sa·:!'la!'lte¡;;cs in othcr res¡:;ects. This depends :10t least 
upo:1 the slo¡:;e :l.;-tf;le. B:-uun and Johan~~esson (ref. 1 and. Ap¡-.e:1dix :o) 
anulyse. in t;r-ei'.t detail the forces on· a s1:1gle un:!.t in a r.lOu~d, 
(ref,· 1). Usin& a ball as a t~eoreti.::al example it 1s sho1m (ref.l), 
ho\"1 it is possible to calculete the nu::~ber of bloc)<~. ~1tlich a:-c 
neccssar:¡, when"piled up on the top of each other, to ¡:-rodt:ce er:o:.:~:: 
prcssu::-e-force to kee;¡ 3 particular bsll !~ place, assumir.~ a ce:-<:a~. 
lift forc"e, frictio:1 bctveen the balls nnd frict;ion betHeen the bi!E• 
and 

0
thc 1 st. sublayer. It is cbvious that any reduction of the -· -­

s~ecZ1:1b force on the sides will make it ~sier for the ball to 
Eiscllpe. s·.~ch rcduction may be a result of hibh friction forces 
bet\·leen the ball and its sublayer. On thc othc¡• ha:id a lart;e fr!cti&. 
force betwee:¡ a:-~.our a:1d sublayer Hill decreese the possibilit:i 
for slides. ',>hile si:1t;le units, the:-efore, may stay in place, 1~· 
adcquately S:{t:Ce~ed, lllJ'ers of block-unit:s need ade.:;uate frictio~ 
betwee:1 the bloc!~s and the sublajer to avoid a mass sliding (re!" .1, 

. Appe~dix 2 and ref. 8, ,\ppendix. 7, _Chapter: 3). 
As armour bl.:Jch:s, ~·ar:.ging fro:n qua:-r~ed i-oc:: over rectangular blccj.:s 
to mnlt!lcc;c;cd blo·c~.;:.:;, have ver:t d1f:"ercnt fricticn capability, !.":. 
is easily ur.G:erzt;o;.nC:-.ble. 1·1hy thc opti.':n.::n stability slopc.fo:' blc:::~:.:; 
of va:-ious ¡:;c('r..qt::·ics varic5 r;réazly. Table 1 from rcf. "15 (.~~¡:e:-:.:::.:: 
.3) ·sho'.iS thc oF'timu:n stability slopc ror 6 differcnt typez of a:-1:.::;.:r 
·un1ts. 
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Tablc 1. Ootirnum ~tnbility slOl1C !'or varices blocl-::o; {rer. 1<¡) 

T:iJ2C of 1\rrr:OUY' Unit Cot«. ontimu':l 

Rip-rap -::--s,o 
Q.uarry stones 4,o to 5,o 
Parallelopedic blocks 3,o to 4,o 
Stabits 2,o to 2,5 
Tctrapodes- 2,0 to 2,5 

• 
Dolos 1,75 to 2,o 

. 
For rip-rep and quarry stones the direct 6revity force against.hyd~o­
dyna;nic 11ft force ~;¡~rently is the r~ost ir.1portant factor. For 
concrete' blocln; of less involved gecmetry the imoortancc of side 
pressure ·increeses l'..:'ld for the co!!:plcx blocks wi th legs, si de pt•ess;;.:" 
cir "interkni tting-in tertangling" is most ·im¡;ortant. · · 

From Table 1 'it may be scen that the optimum stability for multileggE 
bloclcs is less than thc slope \~i th which these mou!"'dS norm~.lly are 
built (4/3). Consequently the wi:;dom of usi:lg a slope stceper than 
the-optimum may be :::_~.;estioned. This may be realized in a different 
"!aY. .. a.s. : e:<;pl a.~ n e d. be lO.lf . . . 

Stability of an armour layer may be wr!ttcn as 
.. w .. )'wH3R'f . 

whe:t tw .. specific gravity of Hater 

·-"--,---H· .a··wave heigilt at ·toe of the structure 

~:~ ~--~ ~ ~- : .. _ "ir'(( S-r. ·-· 1:).? _ · . 
Sr= relative 11eisht or armour units 

'1-' .. stability function., f( «-, H/L ) . . o 

(rcfs.l5,16, ancl 17) 
(1) 

( Flow characte!""isti::::S on rou¡;h permeable slopes are well represe!1te:i 
b)" the Iri_b_a_r_rc:-~ num_ber (ref. 13): 

.. - . . . . . . . 

'P..~~·n--~::=~~~:.;/J~(L_0 . (2) · j 
..... -. . . . . . . 
~ a·A{Ir- Iro)cxp B(Ir 

ll"O · .. 2 ,654· tan«. · 

. _ _i~,". ~ : .... ta·n;¡JH/~o · . 
. . 

Iro) 

·Ir > Iro (3) 
(4) . 

(5) 

A a.nd B are fit coe!'ficicnts,~:hich 
and slopc angle. 

the type of armot.:r unit 

· For Tetrapodes one has: -o,os f(.c- 4/3) -
~ <~ .. 2} .. o,ol-o,o2 

havc shown th~t· the¡'e cx1sts an i,;,pol'tent randomncss in 
response. The stab111ty of Ule mnin arm~l.!r luyer vn:-ics 
,..,~--~ .. .-·~~ ..... ~,. ........... ~ ..... ···-~ .~•-- ---- -····-·' --····· 

thc struct~r~ 
~11th the 
'" . . . . . 
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Table 2. Fit-coefficicnts for Tctre.code.'3 (re~. 1')). 

~ A B 

1.33 o,o))8o -o,)l41 

1,50 o,:o2788 -o,3993· 
2,oo o,o2o5o -o,So78 

Fit-coefficicnts A end B (Table 2} ~/C:"C obtained by menns 
regrcssion using thc change of variables: 

"\' = Ir-Ira (6.) 
~ .. ln '(4/lr-Iro) (7) 

through \·lhic:h tlle fit model defined in eqs. '(3), {4),_ and 
transformed into thc strniGht linc: 

_where 
~=mx+n 
m • B 

n· = lilA 

(8) 

Iro 

1,99 
1,77 
1,)3 

of linea::-

(S) is 

Scntter in the experime:1tal results con be accou:1ted for by rr.oC.if;¡­
ing eq. (8) as: 

~-=mx+n+S 

whc:1 S is a renda:::: variable of average:;;. S depends solely on the 
·structure. 

Assum.tng the~ S is Gaussian distribution, end estimatln¡;; 
varianccs (S ) b:r means of experimental results (X1 , ~ 1 ) 

/ 21.1i' 2 
S "' fl-1 L_( 5- mXi -_ n) (g} 

. 

"' accor:dir.g tL 

wherc N is the number of data, ~onfidencc ba!lds may be. dP.fined tha:; 
measure scatter or the data. 

Detailed calculntions slio"1 that thc hi¡;hcst control curve for ?5:t 
confidc~ce lcvcl, wh:!.ch may be taken as a stability function of C.o:;:!.!' 
'fo .. f(Ir) can ba obtained by multiplJ"ing /';. in Tablc 2 b:t a fecto:-
2 ror Tctrapodes. For rip-rap thc correspondins; factor is 1,5, fo:­
quarr~· stor.es 1,5, and ror p.lr2llcllopedic bloc:c::s 2,5. This r~::'::o:­
can be intcrprctcd as a safe~y cocfficient in respcct to structur~l 1 
response of the mound. The random vari-able is highest for pa:-~llell:::· 

·pedic blocks "(2,5) .• but also rathcr high_foi- Trctrapodcs {2,o). 

Confidcncc bend fectors for 1~1t1at1on of dam:1r,es for Tctra~oCes a:-e 
r;ivcn in Tablc 3 and control curvcc are obtair.ed bj" multipl;ri;¡e; 
thc best fit c':lrvcs eq_. (3) by thc:;e f.acior~ • 

• 
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· Tnblc 3. Confiderice b.:>.nd fnctors for init1ation of 

dama;::c for Tetr:It'!Oclt'S (rcfs.15 ,lG, ond 1?) 

S! o:!! qs:t Q9% 
1,)3 1,51 1,64 1.31 

o,66 o ,61' o,S2 

1,99 2,27 2,93 
o,so o. 1¡4 o,)4 

2,o 1,73 1,93 2,37 
o,sa o,52 o:.42 

5 -

Apparently slope·d_. .. l,So is the least safe. The large difference 
in regression be':~>een <><..., 1,33 and 1,5 iz peculiar, but confide:1ce 
is a little b~tter ~or~ = 1,)). Yet it is apParent th~t one has 
to count on la!';;e scatterir.¡; for all slopes, but that block size 
for 0\. .. 2 can be about half· of, what -:it has to be for ""- = 1,5 and 

·_· _______ '!- ·., __ l.))_,_w!_.tl_ll,33 giving the hi¡:;he~t liCif)ht, but a little better 
s_t ruc_tural·-_co!l_í'_i_denc e ·ttili:n :_(;t, .. _J. ~5 -and-01... ~ .. : 2·,-o-; · · . . 

Wh·a·t may" be· deduced from this is that othcr factors included in 
overall confidence; like structural aspccts and'concrete Guality, 
rr,ust be as ::w.fa as poo:;ible, !'or·thc·:;~ccp ::;lepe,"'-= 1,33. 

The experience with multilegged blocks has been ·that this often 
t!as_ ,n_o,t bee'n thc ·case. · · ___ • :' _ ~ · 

A slo¡ic o r « ·= '11/3 thCrCrOr·e is only SG!"e tr: 
-(a) b1ocks are large enough to enable the mound to withstanC 

solitary, double {or triple) mar.:muth waves and 3 dim. effects. 

·(b) blocks are structurally sou'nd with no tendency te easy 
brcaktl:&':l· , , __ 

Vlith•rcsoect to .. ~rze;·r_cl,Djedid (a) is not k-nown, as no s~ec!fic 
tCEts h3~e bccn u:-~derta\~cn.on· such;Wl?-V<O!l- \iave action nloP.S the 
bi-C<i.IÓ<ater var:!.es SOI:le~mat in dct:J.ils and· it"ír.áy happc:1. that at 

-----oneparticula:- location, dueto slight changes in bottor;~ tc¡;o¡;ra:;::~:,, 
the possibility for.laJ·¡;er ~laves by a tightening or. orthogonal~, :!.:; 

.·_ lai-gcr tt:an at other plr~ces. If .st.:ch ·c~avcs dema¡¡;~ thc mound, fu::-ti-:¿r 
dar.:at;c ¡na~·· sp::--ead. out fror.~ that_ po_int_ due_ to }-dimensional effe-cts. - - . - . -. . . - - -

• 
!I'h'e' i:lame ma:¡ happen, 1f thC mound- is dama_ged duc t6 structurul 
wcak!lcss ·in one particular arca, c.¡;. •nherc 3- 11 block:s are broY.f!!l, 
In the <<.. ~ !:j:, slo¡:e Cun;J.:;e ·,¡111 l":;J:-'Cad out rapidly, becat:ze .such 
slope is f'r.a¡;ilc and vulnerable duc to its .steepness . 

Dnma~::e-::-!~tur-e fcr r.!ft-r>•Jts. Ge!"r-:-n!. Lift-outs will occur. 
trhcre thc cc;;¡oincd lift.-fo::--cc::; ar-e r.JUT.!r.'.UGI and that is, tlhCl'e for~::e: 
·b:r dOI-mru.s!1, t~-e velocities in ti'!e ¡;l\.\:lG~Il[;, coll."'.¡;~in~ e:'~'..'.-:-:-:~:-::: 
wav!! a:1d h~·CrcStntic force::; inside thC l:lound join hands. Th:!.:; i'.:::;.;:c: 
when do;.-nru~!l is nn l.o·" us p~n::;iblc, or nt uRc~on:1nce". Thc R¡;so;:.­
ancc tll'Ca, th~rcforc, is found bclcH thc still-;1utcr lcvcl e~~~ 
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1,5 to 2,o HUYe hei¡;hts (Hs) 6r <1hout 10-12 mcters maximum in the 
case of a lo mete:'!.> r.~<:~;<imur.~ ~1ave hci(;ht o!'" about 6 mcters for a 
5 meter wave of resonancc pcriod. 

In the case arrr.our bloci(s are too light, this means that arr.1our 
will be lifted out and h'.ashed cto·::n by thc do1mrush and 'left as a 
deposit slo!JC below the· 2,o Hs level or- in the case of a lo 1.1-.:te!" 
maximum ;.¡ave - bcloH minus lo to 12 meters. This process builds 
up a platrorm of "debris" consisting of armour blocks usually in 
the lower most lr.ycrs 1>1th sublnyer mGterial on the tOj), o:'ten 
leavin& cavities caused by the loase settlin(; of tlle :c.aterials. 
A charactcristic s-·slopc builds up presenting an ideal geor.~etry 
for stabilit:l as ment.toncd in great detail in refs.l,2and f. 1·r!th · 
refercnce to actual case~. See figures 2,}, end 4, and ~ppendix ~. 
Chapter 3· 

Dama..-e-nictu:re for Lift-ot.:ts at .";:-zm~ el D1c<iid - The below 
mentio:'.ed refers to the geo1.1Ctry of the d•:u;~aged secticn. which is 
dcscribed in g:reat detall in the "Dama2;e_ Repor-t or ,\ueust, ::.<;·81" b~· 
DHI and ChY"iStia~i and l!ielsen. In the follO'.-Iinc; t.hese reports 2.>C 

'refe!":red to as D.UlE?. As a mat:.;er of case for the reader, rc!'erence 
is made mainly to fi5urcs of the DAREP. 

: Rcr.: Profile 4(') F'i.«S· 2 R,one of the char<lcteristic profiles. 
lt has n pl<:.tform bet;teen -lo und -12 manda deposit slope be:-::w 
-l2 m. Cther p:-oflles are mo:-e ccmplex. P:rofile 7o B (p 25 ;:~f ~;..;¡:::?: 
has sorne s~aller platfcr::Js erea.ted by deposits of Tetrnpodes ct:::·...-n­
slope i!'l.Stairs or ridges, St:p~ortir.g the r.mterial behir.d t:hC::l, 
giving a sa11tceth ¡;eorr,etry, includinr; "vertic.:ll" and "ho:rizo;lto.l" 
.faces. This in turn has al so caused the ·fO!'TI!ation of cavities by b:-i 
ing of blocks. 'J'he !'orm~tion of such C2.vit1es, however, ma:,r :!:lso 1:s 
a secondary danase C3USCd by the suction out of loosely depo!':!.tcC · 
blocks wash'.'d o~t frow abo...-e. Cavities are also kn01-1:1 to· b~ .fc:-~:e1 
in stecp slcpes nro~:1d the l·i.S.L. duc to the 1ack bf enough sr;.+:-ez­
ing force fror:¡ the b!.ocks abo•;e caused by incideTJ.tal lJ:-idgir.g. A 

' recent axarr.:lle of.thnt is found at the rock breab;ater nt t.kre:",ess 
in Ic'eland, · which had a ¡·¡r-. !.,S slooe e!' 4-6 tons roclo: (eb. 3-4 
meters stor:n ·~aves). Several cavitiCs have developed Ju;;t above ¡.:SL 
{!: metcrs tidal ran:;e). 

With refcrence to several exa~ples of plat!"orm locatior. nnd for:7."o.':!.~ 
thc DARE? finally rcco~::~¿.ncs a pletform profile. Profil"e E of ~he 
re¡::ort, for cxccution of the initial repairs. It::l profile !'ollc;:::l 
lit!'t;ely thc results of mocte1 studies. The pl;etform 1s 16 meters · 
w1Ce nnd elevaticn 1s -5 rncters. Hith retcrenee to the later r..e'-tic!' 
Aoocndices· 5 anC 8, on W!VC cr-iterie, ineludin;¿; ;-¡ave -t::-ains cf 
pa!-ticularly dP.;¡gerous character, it is believed that trie ele\·~:io:: 
or the platform, •t~here it is possible o.hd :J.ot hampercd by tiepos1L ~-. 
slopes,·eo•Jld be Io_¡1er •. e.¿:;. as indicated, in fact, by the forr.;­
at1on.of such platform in profile E, fig,. 5.18. In such case the 
pla";.forl:l could r::!sc f:-cm the outcr CctGe at -8 (-9) meter-s to -!;5 
meters in "the about 16 mete:-s 1·o!de berr.~ tn thc toe of the uc;;cr 
slope round~d up to·.-:nrds tt1is slopc nnd :;;upplied with ler¡;e~ "co~·noo: 
bloeks. In th1s way the rep<";:!.r-profile vould b.:-corr:e more pr<!ct~c~l 
a\1::1 sir.u.ll<~te the lab-prof1lc, folloll!n¡; vavc c.ctio:J by Ó to 6,5 
meter \~a·tes, bette!' (re f. profílc E, Fi¡;;. 5.18). Sec la ter u:-.C..:>!' 
initinl. rcp:::d.rs. 
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'l'he DI\HEP describe:; the conditlon of thc blocks, w!Úch appar¡:;ntly 
h<~.vc bcen liftcd up (and rollcd do\~:l}. Onc may vi.sualize th~t: 
!'1r.2.!< thc armour C:lr:le do·.m nnd nc:-:t thc the subl'a~·ers, Hitl1 the 
rcsult that sublaycr materiels (of rcported less block size, Bll, 
as rcquired) wns placcd on the top and in bet1·1een thc. Tetrapoc!eS.. 

Looking at 'the deposit Slope bclow the platform (Profil~ 4o, Fi5.-
2,E) and _the size of blocks found in said slope; it seems quite 
obvious that <;;he blocics ir. the t:.~~e~' :olcpe ucre lifted up nr:-j 
rollcd d:>vm. It is possible - or even lilcely - that this was 
causcd -by a s'..lceession of lar¡;;c waves tmd perhaos by so1~e "c.ar:-,r:::.:t:::O 
waves", as such •o~av'es ~~111 cause the highest liÍ't forces an<.! also 
"roll.:.down"-forccs; _resulting in the development of a berm. In . 
ref.l, f,¡::¡Jendix '}it is shown, how such proCile in Cact simclates a 
"step-proCile" in be:J.ch morpholo¡;y. Fig. 5 (ref. 1) shows, ho·tt it 
was possible to construct a berrn ¡¡rOfile :t'or a m6und breGk~:<'-tcr 
from a beach proflle. Tlle im¡::ortance of this is that it, t!'.et·cby, 
may be concl~ded th:J.t the mechanics of' the formation of the t·tto 

. " " profiles is sir.;ila!'. That me:ans the Stcp in the r.~ou;-,d p:-ofile 
is actually formec!. by a"deep do1mrush p€nctrating almost as dCep 

.. as the outer edc;e of th"e berm. TranS!'errinG this to the c2.ses in 
-=-.:..o·Ar.z·c~-1. el_Djedid_<'-nd to Akr:J.ncss, Icel<md, it means that in the 
· :finri1 'prOl"iles the o~tt.·e~--Cctf;e ·or the bcrm shall be 1oco.ted 1:-~. f.l 
··ta-to· r.wtCrs at P.rze~, el Djec!.ict ·and at -5 mcters in Al,;roncss. 
"·:rt :-1"111 "be -so -in -the finel-rupair ¡Jrofile in the Icelandic ca,ie. 

BerL'l ·,.;iU be 8 mcte::--s w!de in Icela:;C cnd slope 1 '"lo givin3 
elevatio~ - 4 m at the inner ed6e or the berm ~o be rounded up. 
to_,.,:ards t:·,;o uppiOr slopc. Th!s ic a pr;J.ctic:!l ¡:;t:or.Jctry. 

-;:-:::--:-:- --
~ :.Di!:·l~GES . BY -:S_ LID~~. ' -

- .... 
::oc:iCral- There are·two"differe:1t·.kind of slides. One is a :¡:oil 

n;cch::onic slicie, ~lilich r::'!l.Y tD.l<e nlace in·the br-~alo:ater itsclf"or 
below the brea\twater tha"t means" a ~'so u S-break". 

. Soils-failures in r..ounds are usually dC!llonstrated a.!'< a sli¡.;:..clrcl~ 
-·-devcl.o,:me!"lt, b:¡ ~lhich r::ate:-ial on the top settlcs almost vert!cal:..j· 
: .d9!m·. Tni~,c·ii·, h:l¡:¡¡e:led during the 15'69-carthqual{e with tl'.e 
:::f?yeris:f-;3_::--bou:- l.n.E'"-stcr:-1. Venezuela. It is n,n. very lilcel;: ;o occ·.;!' 

out!;ide potential earth~uate areas, as e.g. Akraness, Iceland. 
Another J::oi1s .fo.ilure could be in the grotlnd itself, e.g. :"11-tcre 

-?1!-:iayer-of ·:5oft- n.atcri.!!l o:- low shear stren¡;th is found bel0\4 th¿ 
. brea:.Cwater, as in the case of DOS BOCAS harbour iri Mcxico. In 5':-:.:-. 
-----eases r.teasures agoinst slicies n:.e.y have to be tal<en, e.g. b;r O'le:--. 
- size toe::; te cocnte:-b:-.lonce ?.. slide c.:!used by thc :·tei¡;ht of" the 

__ ::·brcck~tilter t:-ur1:c. This ;.,·111 be dono ut DOS Docas, but r¡win.i.;· to 
· --provido a .sol id su¡:;:ort for a· sl!rface"slide or armour and first 

· ii"Ub'lnYe·r:- Such · slides· may tal: e plnce as a resul t of d01mrusl', 
·fo.rces on il.n a:-mour lnye!' of re1atively hi¡;h friction due to 
p:·olr'-l1.:.·.1e; e1~::-.2nt::J and a too sr::oc:;tt s~.:r:t'3ce of tl1c first st:bl::.:,-~:-­
This could "C.;;_;. be C<!used h¡ a too srr,o.ll. bloclc st:-.e of thc firs;; 
subl~ycr. Rcfs. 3, J.¡, ó, and 8 cive o full description.cf t::.is 
and worn o¡:;ainnt such occurrenccs. Re f. 6 is 1ncluded in -:,¡:pe!1d:.:-: 
), re:·. 8 3:; flppe:1d.ix 7 (Chapte!' :;:-). Tablc }.e on p 215 of f,p~.:::-. .:.:.: 
7. cxplains the edvr.ntazes of inclusio:l of' W/2 (half b!ock stze) 
lcyc:r· bet.·.;ec:-;. t:~.e :'!!'r:<o-.::.· 1:~-~·c:· ;:;nd t::e fi:ost (st.:J.:-. .::!:-:.:) J;:,~"<J;"'. 
Rcfs. 6 o.~d S"(;.~¡::<'~..-!1:<] nr.d 7) ()Cvi~>! o~. hc'.i fir::;t subl::;r.::r- :::.:; 
be rou:;hen~J to ¡;:-ovidc oo.l.c.:¡uat¿ friction (Fi~- .$). A -:.v¡2 !¡¡.yoc, 
howcvcr, is prcfero.blc ~:1'.1 rc-cot~~ncnC.cd by tht: US ,·,rr.:y Corps of · 
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- With respect to the 
-• such :;lides have tf.:(..:,~ 

place nt Ar·zc;.¡ el Djcdid. Rcfcrcnce is also made to report by 
DnmCs and t·1oore on so:f.l:; conditio~s in the brei'.kl~ater linc. The 
o;Hstr·lbution of bloc~' sizes proves that. On the othcr hnnd, it is 
obviou::> that "slidcs" nlong the slope h;_¡vc hnppened - pnrtly as 
"the next mO\'e" following 2. "lift" (e.g. photo 14). This is anothe:­
indication o:', what nctual1y happened during the s_torm, 1-lhich 
caused thc final or majar co1lnpse of the breakwater at Ar?.ew el 
Dj edid. 

GRADUAL BREAKDO'!In OR FAILURE DUE TO FATIGUE 

-As explained i!l.Appendi:< 1, p 262, this is a result of 
rocking of the blocks - ~lhich in turn in such cnse have 

not been large enough to withstand uplift and shear'..iup-nnd-do;,':1:-'-lsh 
forces. Sut;1h rockin:; may finally eat:se a co1lapse, if not prcpe:-lr 
checl<cd in time. It is possiblc to loca te such roc!<ing blocks b;¡. 
visual observations "of blocks during a calm ~reather period. It is 
reve;;led by sca!."'s in the blocks. One can also "hear" such rnove.":".o=:1ts 
dur:ing a storm as clicki:-~g sounds from the brea\n>ater. 

wcre 

~\';';.- It is 
big s~or;:¡. 

;.¡aves exeeding 3 m~ters 
waves were 5.6 to 6.o mctcrs. 

REFLECTTON FROt·i T!-!E FACE OF THE \·li\\'E :OCRES/ c:.:n:n:o :;cc:;n. 
Gener?.l - As explained in Appendix 1 (Fig .. 1) waves .or wave u;><'t!sh 
str:U-:ir,_:: a vert1~al Hall, likc a Have sc:re..:.>n, rnay c<!u¡;e scve:-e sc:;:,:;::­
in front of the ;-;all, wh1c:h in turn may be unde:--mined and thereby 
co}._lapse. This has happcncd in m:merous cases, e.e:;. recentl:~· .at 
Sines, Portugal, Bilbao, Spain, Tripoli, Tripoli, and 1\kraness, I~e­
land. 

• 
9, l.!., and 12, ;.¡hich 
Another associatcd damagc 

sho~is a nt.Onbe:r 
a number of photos ;. ~ • 

above mentioned cffcct. 

UPLIFT FRESSU:i::':S Oll CRO'.-jN SL.-\B At!D CR0',1N BLOCKS 

GCncral - If the upper sections of the mound is h1Shly pc::-meable, 
prC!'.s:.:r;¡ by u¡:rush •,r¡¡.tel's ;~111 penet!."'atc the mot::1d and exe~·¡; :Jplift 

.prcssures on cro-.-m slab anc:!/or blocks - as well as pressu::-cs or.· tt:e 
armour of thc inside .slo;::e, as it did at A\.::raness in Iceland. 7:1e 
rcsul t muy be "bursts" o¡.. push-o0.ts of these slabs or blocks ar:d a 
rcsultir:g sc::-ious dama€;C· The vorst situatio!l cccurs, if r:mtcr:.el 
bclo1~ t:-.e slab o::- blo>:k!l is al so erodt"ri ~;,¡ay, ~cavi::;; th!:' :;la~ c:­
block:; (w!11c~ rr.ay brid;¡e or c~ntiicver) free for di:-ect upl1:'t. T!":OJ 
scrcen may "thcn tu.T.blc ovcr aftcr having suffercd da:nnges, or it r..::.::,· 
turn ove!"' as a whole ar~d :;•.1ffcr damage:; thereby •. 
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... 
ncss main I'Casons 
Hcuvy overruns lll!v·c c:ontributcd 
bccn up to re~uircu stondnrds. 

OVER'.{A:'::·HES OF THE. CROHN 

for 
hcreto. 

- lO 

Numerou~ surveys ;:;.:;-, 
, 5, and 7 bcar Hit':­

coll<tpsc of the cro~m. 
Thc concrete scems to have 

Cc!1eral - Uprun or upru¡¡h on a 4/3 slope of .Tet.rapodcs will accor~­
in¡:; to ;:;x~~rime:lts (ref. 17 and f1ppendir. 3) reach up about l·Hb o:-: 
the slopc. 

Ovcrl·tashcs i't ;:-ze:·l el DJcdid - As 11aves of 9-lo 'meters height ma:t 
have, or probablJ• l~ave, bcen integratcd in 1·:ave trains during the 
Dec .. 28-29, 1920 storm, and such waves may cnuse a 9 meter uprush, 
(refs. 2, g·, 14, and 24)_ it is no 1mnder that the 11all with its 
wave screen at +7 .5 m has be en overto¡:ped in so;;¡e insta<Jces cons!.~:o· 
ably. Introductorily the-mound in 1':-ont of the sc~een settled, ex­
posin<; thc screen' s vertical wall. Uprush thi!n continued erodin¡s "!.n 
1'ront of the s::reen, at the !;ame time as ext!'cmc U?rushes ·hit _the 

- .wall vcry hard causing hi:;h ove-:-splashes, which e ame do\-JO with ;;re~· 
- po;.¡er 0:1 thc slab lnside .the screen, ¡:;:-obablY dama¡;ing the insidc 
- ·slope at the Sa/"i1c time. This situaticn wcrsencd, ·when the \-.'aVe sc::-e· 
- ·rin<1ll~; tt.:mbled over. Refercnce is made to re f. }, Appemlix 1, ami 

refs. 12, 11!, and.l7 . 

. SCOIJR C'? THE EOT'!'C:•: ... 
"" r'ROJ:T OF TiiE ~:Vi.:lW 

Ge·ú.•ral - If the moun_d is locnted in rclntively shallow 11ater, hea·.--; 
wave action, including '::-eflections and det>p do\-:!lrushes, maJ". cause 

"'seou::- of the botto::J in ·r:-<ont or tl:e ::-toLmd, ;>il.:'tieulirly if..the __ 
~_inater1el -is verJ' ft"nc sand or silt with littl"e c"citúi"Sion. The SCO'~L', 

h01·1cver, r.J<IY be covcred up· a t the cnd · wr the storm. There are fe·.-1 
cases, 1-1he:-e such events llave caused E.ny real damaee to mounds - a'-( 

-.-in· case;·"'onlY -iñ Ver·/ .Snallol~ water; Hhere a lor.¡;;sl".ore cur:-ent 
· a·ssisted 1!1 caL""r.yin::; the eroded r.:atcrial away, thereb:¡ dee?ening 

the scour ~ole._ · 

s~our·at"the extreme 
dnma¡;ed thc toe structu:-c. 

. . - -·- .. . . . .... 
DEFECTS Dl Tl_!E :-ooüi-l~::ESS OF THE ¡.¡.;TERIALS USED FOil. CONSTRUC?IOll 

Gc:ll!ral - It is a definite re:¡uircmcnt to be· rulfllled for m?..rine 
construct16n wor:(s t~at all r.Jat€:-lalS rriust·, be- able to ~·littlSt.Si-ld t:-,e 
corroding· and deterioratinr; a~cnts in sea-~o~ater. Rcf.· 21 lists 
rc.:;uire::~~nts "te all :n:J.terial!.> invol\'<!•J in rr.ari~e construction. I:' 
thc rnaterials u sed i:¡Cl'.!de :.ubsta:1ces, ;;hich r.:ay b~ da!ll<i.t;ed by !:1;'-­

V"'tcr, cot:ntcr rr.easurcs, liY.e puzzolan,and various admixtures ~t.us:; 
.be adCed. The rc:;u1t·c~.~ent to dcnsity of thc concrete 1::; absolute. 

Natui·al roe:( is :1ot always as dense llS dcs1rable, and it n:!.y al">:J 
be so::-.·~·.ó:~t ~-..ratificd duc to hi~h rrcs:.;urcs a~C/or scdi¡;;O:l.tar~' 
o:-1c1:1. Vulc~:Jic J•oclt ls sor.¡ctin~s very dense D.nd hcev;¡ (),) 5:-;cc.:.:'! 
gr;~vtty) C~1<.! ·soi:!ctlc.cs fillcd 1:ith hale::; nnd lcss dense lrl:IC!'::l, c.::;. 
of hnl·dcncd valcanic bo:nbs or .J:>h {2,o :;pccific ernvity). All 
m. ·L~l~ . .,.,,.,. "-~ ~-'--~--' -·---'"--••- •---•-



. . 



O<:!!'cct!l in th~? So•.m~:.css of the l·l'!t~riels' Uf-!.'d f'or ~anstr".Jction 

et Ar:t!.'\·1 e"• Djcoii<"! - Rcfcrencc is macle to thc D!IREP. Thcre a:•e 
no dir~ct complni:1t~ 0:1 concrete stnndnrds. Thc C N report stutcs 
that concrete quality wns sntisfactorily. The concrete blocks &nd 
the wave scrccn ;..:ould uné.oubtcdly hnve bro\ccn or rupturcd re;;;ard­
less of concrete quality. 

- 11 

Thcrc are,-hOI·lCVCr, severa! rcmarks, •,:hich rcfcr to the sublnyel's, 
incl. -"Un bon nombre fut jugC comme Ctnnt plus Petits oucEi'l"(r26, 
p _28, uné p 29}, "les raches pat"<'-i~SI'.:lt a\'Oir ktk cess~•JS, car il 
?, a de nO:.~breux f.:--a¿:;r.e;,ts óont les fO!";;lCs correspondent" · (p ;2), 
'les raches HC, si elles existent, sont evidcment t:!nsevclics' (p :;>J), 
etc·., i:Jclulling rem:J.r::s or information, which refcrs to "Horkl:tans::.!.;:¡"' 
or "controls" rather than to hcalth or soundness of r.'!atcr.!.als. Ti-.e · 
combinCC DHI and. e 1:_ (DAR:O:P) re¡:;ort :;:entio:J.s ~·ract~..:res in ~he rocY., . 
1·1hich é.ue to che:Jical a!"ld pcrhaps r:oUi:J.ly physical develorr::ent 1 ha:; 
made it dii"ficult to pr•oduce large roe!{, likc p .!.o4, "Il cst eviCe!"lt 
que cette structure ;·end difficilc de produirc de trli:s t;rosscs roche:s 
et ditr.in:..:e la resistance des raches prod.u~tes." ,\s ~entioned on· p lc5 
the roe!-: h:>.s suffered fu::-ther by the va::-io:.~s handling p::-ocedures 
including l to 2 1:1 chutes, consec_uently "les rap;:.orts mensuels é.e 
Parsons n:cntio:::1er:t ~r;alement souvent un déficit de ::-oatles HC pendent 

.les travaux" (p loS). This deficit may have been corrected, ho~>eve~. 

.. .. . ·- -. 

• 

\WRKN"l~SHIP 

' Gene~~l - This imoortant subjcct is dcalt with in 
-~, lí, C, ?.:"le! 21. Rere::-encc 4 is included in Appendix 

Cetail in 
) . 

::-cfs. 

.. 

. . 
No ·reaso:1·1s sccn;-at this-opportunit.y, · to· repe:.>.t a n"..l.m~er of 
manc!ato:-y t'.nd-acce;;tcd rule:¡·or· standards for r;ood workr.:nnship. Tl~e 
rCqú 1 re:~e~ t to ade·;;uo. te n.nd · nb le su oe::-v isioO is · a bzol u te. · Thi s · is 
oftim, ~-li~en thiilg;> ·<J.i:Jtually .~tent ~trOng.. · · · 

~lor\.:m'l.r.s~it' ,-,.-.;· .a.rzf.'".l el D.1cdid - Reference is madc to a number of 
statcmr:r,ts i:1 D . .:..n:=:r-, of which a fe•;.~ are repeated belo~ti 

p_2o: "HormiS les blocs BS qu:! on dévalé le talus cci:nme indt:::_-..:é 
· · .: sur ccrtaines figures; on trouve une certa!ne quantite _ 

··· ;: ~o de· dl!chets-provenB.nt"·de la:·coilstruction,·ainsi des 
:. déchcts de béton, · dez agr&gats, des coffrage ,. iles rond:¡ -·····'·•· .. " 
··~o-armatt.:re;·photo 25-

.. -~-' : . p· 26 :.:. "11: Y a bOn:.nc::~brc. d' exer.tpl es· de i-OcheS ca :sShS'" dans 
·la prerr.ibre scus-couche, cnr 11 y a des fra5ments dont 
.,. r •• 0 t e ' t ct' ..,L ··~~-<nrL· es or:;~cs correz;,onüe;-; . c;,en an ces e¡;c..~s !)0'-'··-·Y··~ 

1 

1 

i 

· -·-·--··---·.-.-a V6i"r· eillTOU:-penden t· J. a· construc tion" . 

p 3~: ·: ~o~'":.e~t, ~~o;yr;e _ r~e~~ -.de bu~h n' e·~t· trouvée ( pa~ exi!~~?t: 1 
les p::-ofilG 2, ;o; S1B et .6;B) ou ils se trouvcnt cc:-.¡:I.,.e-1 
ment enterres (par. exemplc. les profiles 2oA et 25!\.)." _ . 

p.36:. "Les roches IIC, si elles existe:-~t:.. sont évidcment ense•:.e-_:'0 

(p ó3- B4 of l¡ te 6 ts is ¡:üaced on 31 o!" o.2- l-o ts. o.2 
should probab!.y havc been o.4, P. Bruun) . 

• 

. . 
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DM•Lt¡GE TO INSIDE SLOPES 

~2.1 -. \H:cn henYy ove:-o:a~hcs occur, the water ~:111 come· dclin on 
the cro·~·n nnd tt·,c insidc with r;reat power (rcfs .. 3 and lJl). This is 
particularly truc, if or ""hen the wave screen collapses .. 

The slopes may also be damaged, if 1-mter peneti'ates through the 
Upper per<neable crown ami e.xert pres::;urc on the ar~1our of thc inner 
slo¡:e, as it happcned at Aicraness in Icel'and. 

D:J.mar:e to insiCe slo::es at Ar::ew el Oiedid - The condition of the 
illiiCY.--;;lo;¡e is Oescrioeó. in é(!";.;a:!l in 1::ne D.'\RE?, includine F'i¡:;s. 2,9, 
2.lo, 2.11, 2.12, .2.13, 2.14, 2.15, and 2.16 and numerous photo.s 
incl. 21, 22, 221,,25, and 26. Thc cffect of the impact of the .. 
falling Ha ter is obvious frcm these fi¡:;ures. Rock mate¡•ial in the 
upper slopc has be en croded and left in the 1o;·¡er · slopc, e.!:\· 
Fir;s. 2.13 and 2.lll. Concrete and roclc écb::"is has been car::"ied over 
the damascd cro•«n and le!"t in the inner slope. Th:!.s has - as in the 
outer slopc - created sorne ce vi ti es in the confi.lsed r.lixtures o:"" 35 
(s11dcd dO\~n fro<!: the top of the slope) B4, 83,. and Bl roc:cs. The 
bottom outside tf.c slopc, ho·,¡cvc!'", does not seem t:o have bcen erodcd. 

The excess l:laterials in sorne profiles, e.g. No. 51, Fig •. 2.13, may 
be traccd· to deficits ·Of ;r.aterials in thc outer ·slcpe. 

DAl·l:.GE TO EXTR:O::i·\!': E!!DS OF BRE~KI-!.;TERS 

Ge•lCr."!l - This tocic is not dealt 1'11th specif"ically fn rcf. :;¡, but 
:!.s me;t:!.oncd i!: r~fs. 8, Chapter 3, a!'-d i!t rel'. 25 •~ith l""Pfer<";;CP. 

to cx¡:-er:!.ments. It is <lell kno·,;n frcm cxperiro,ents a:~d f!cld 
expc:-ienccs that t:he éxtreme e:Jd of a brcakwatcr hns to be ::-einforcec; 
by lar.;er blocl':S (up to t1üce the Height of· trunlc blocl<s). Tne 1 
reason ¡'or that is th(lt hea·.:v o•te::-·,·mshes at the extr!.'me ecd \·lill i 
attacl; the a!':;;our horizont:olly in en exposcd conditicn, t>.s thc nr:?.ct.:rl 
is not backed bl break;.:a<:<'!r t:-ur~!~. Severe d(!.r.¡e_¿;es to b¡·ea!~·,;ater · j 
hcads heve bccn experienced in n1.<merous cases, so_me of the most · 
.serious on the P,on1aiian Island::;, duc to thc g-::-eat horizontal pc1,·er . 
in waves of ~eriods 15 to 24 sec. Blocks in thc extreme'cnds are 
thereb:,· ·,¡ashed cut for- decosit ir.siCe, o!"'ten in ar: elongated r.;ound 

·1ikc a "recurved spit" in· coastal ¡:;eomor¡::ho1o¡;y (ref. 8, ,',¡::p-:!ndix. 7, 
Chnptcr 7) • . 0.n:r adventaa;e associ2tcd with the use oí" multi1cgsed 
blocks thereb:,-- vanishes. 

Fi~. 7 (ref. 25) shows, how such case ~;as handled at ·a ha:-bour at 
S~rvwr in the llorther:l pert of Nor1~ay located in the Lopp Sea, 
North :.::la;-¡tic. T~e ver~· exocseC hcal".! at SPrW.'"!' ha:-bour h~c' .. suffered 
numcro~s damages. B3sed on old Danish experiences, e.g. aL tf,e ol-:i 
harbours at Skagen c..nd. Frederil<shavn in l/o¡·thern Jutland <>.nd model 
tests in Nor•,¡a:: (rcf. 25) thc h.earl ;-;as rcbuilt lo years ago by 
curvin¡;; the jett~· head out~~erd and 'provid1nG it with a strong· toe. 
This outlay h"'s the -follol-ii:-~¡: a6vanta;;es. It gives: 

[ 1) 

[2) 

. " " Highc~· stobility of thc hcad. ~locks 1n corr.cr 
are loc~ed in. Slidcs nr~ supported by the to~-berm. 

' Bct::er and safcr navie;atio<L conditions in the e!l:;r:!~.::. 
duc to "s:nocth" diffr:::etion pattcrn alonr. thc hcad. 
'l'his, of cou!"'se, js of l!:cj;.:or i>:~vortancc for ::~·c,ll<:r 
vcssels. 

()) No conccntraticn. -of wnve action in front of th•~ head 1 



• 

e 



1) 

(4) No out~m::;h of mat!!rials into the cntrancc cndangcl'­
inb navi¡;ation. 

llo damascs have ll?.ppened at S;)rvror follovlinr; thc reconstruction of 
thc hcad as explaincd above. 

Damn¡r.e to extre~c En.ds at t,:"?.ew el Djedid.- _Both ends liest and 
East, ha·Je· su!'t'cred vcry ~cvcre dam2.gcs as describcd in DAREP 
~1ith rcferenccs to Figs. 2.2, 2.6, 2.17, 2.18, and 2.19 ar:d P.'lc.tos 
28, 29, 3o, 31, a::d' 66 to 72- The dar.l<'-ge picture confon:~s '.-1·~11 11!t!1 
thc general pict1:r9 describcd above: armour and sublnyc!;'s 1·/<;Shed 
out and depositcd inside in an elongated spit, 2nd sublayer exposcd 
(F1g. 2-17) and debris of ·armour and first sublayer deposited'éo·.-m: 
slope (Figs. 2.15 and 2.17). The gco~etry (layout) and structural 
de~i¡;n ot t:Je hcud hi.!S dcflnitely not been ac.caaa;:;e. The head was 
·turned im1ard instead or out~;ard (as recommendCd by the undcrsigned 
for Tetra Tech ~:--.d Parsons in 1~75). 'l'he ar¡;¡our blocks were. too 
sm~ll. If the hei!d had been turned outward as reco¡;¡:ncnded, t!1e 
damage, Hithout un;,• dou"bt, \muld 11ave been lcss. If the available 
equipment was ~.:nable to handle heavier blocks, the blocks could, 
in an er.:er,;e:-Jcy ,_ ha ve be en tied to¡;;ether by chains ,or cables, <'-S ! 
used in break-.. :atc"!' heeds in Northcrn Norway With good rcsults. Oth"Cr i 
patcnts e;<ist .for tying blocks-together . 

• 

REASONS FOR :u;,¡.;_;,GE3 BY ·~·;...•;r; A-::!'!:'ICN 

Dan:a¡;es to brealumters are, With thc exception of such 
, which are caused b:r seismic.ection or soils-breaks or 

both, a.!:-1ays ca1.:scd ·oy Y/ave action, \·ihich is the rr,oin c-¡-iteria for 
thc deSit;-:1 of b;:ea~·,raters of any kind. It is .thereforc manda tal;':,' 
that ao:!e.:¡_uatc w1ve data ure available for design; 

Ref. · 6 mentions ":':ati~nel Engineering Dcsign" a:ld Í..t5 Table _is 
reprinter:l belo~r as Table 4, 

Table 11, BREAY.',.JATE'R.S ENGINEERING-RATIGNAL DESIGN FRTIWIPLES (re[· 6). 

GOAL: 

by Per Eruun 

A stable and cco-:1omic C.esign, all factors cor.sidercd. 
tUnim1.:m advcr'se effccts on the environment. DPsign 
shall be }:::-"a;::ti.::~l in all re'spccts, eas::- to bt-ild nnd 
easy to maintain. 

NE!·I PRACT!CES 

Data ur;ed: \'lave spectra 

Ex.tre:nc wave l~:::::'i~,;.• •nd ooc.-

~:;~·~';:~~~i~•lon~ of r.;ost d<:!:-;.::cr---- . ~ ' 
hei&hts 

"Desi~n wavc" 
. . 

·ous ch.,.-¡-acter for s·tability e!' 
struct~1:--c. . 
Prob~bllity and risks of occur­
ence of such con•li.tio.-.s.: 

"'""1"'n P~n<'<>•i,.,...r-: Ontimi::ntJ."r. of 

¡ 
' 
1 

1 

1 
1 
1 

i 
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Structu~al desir,n bascd on 
for¡¡;ulfls ;::tnC r..oCcls consider­
in¡:, arr..ou:-- ln:oer, uprC~sh <!.nd 
ovcrrun only. 
Soils i~vcst;ig:~tions limited 
to founéatio~ conditions. 
Co~struction ;'ror.cdures and. 
conditions ·usually ne,slccted 
in models. 
No operational data for 
construction securcd. 

Result: Contractors may suggest 
thcir o·.1n d€:sign based on 
their o~ exp~ricnces and 
eqÚi~ment and possibility of 
successful co~petition. 
Unrelie.ble ti'":',e schcdules 

. - durin.:;· constr~ction. · 

" 

Introductory :;-.;:¡ther.:.c.tical Gcsipl 
modcls Hith in¡:¡uts f:--om all dat¡:. 
sccured and Cor::paralivc experi­
cnccs, if possible. 
Hyclraulic r.-.oGels bnsed on the 
rcsults of physical analyse3 in­
cluding structural evalunticn or 
ovcr-all "as ;-;ell as unlt stabilit:,­
brcakdovn patter-ns. :;¡.::inte:~.ance 
evaluatioa, io.terio::- <.:~.d c:-::tc~·:. 
ior- soil ~echanics. 
Constructional and operational 
criteria: Period of construCtion, 
r1.'3ks and ove::-all_ econo:ny. 

·Result: Optimized design of rnaxir;¡u:: 
stabili ty and economy, all aspec-: 
consider-ed. 

--.- Une:<pectcd ;· e:--~~t:!.c breakdo1·rns. Rcliable '.:.ime schcdules. ~.11· 1 
influences on thc environr;:eOtt orE 

• 
Excessi ve maintcr:c.:1ce. 

: .Une'xpectcd ·in!"lucnce by 
·structure or. the ·environment. 

. ' dicted, conside~cd and accepted 
with the nccessar-y corrective 
stcps.-

- - ~ ..... -.-- ---· -· ,-;-

Hy d::-.od yr:a-r;ü C S : 

:Structu'!'<~l: 

, .. , ...... ,_. 
' -- . - --- . 

SOii r~écañiCs: 

RESEARCH AUD. El-tOINEERING 

Wave conditions critcria for stability and 

Ovcrall stability 
·pnit stability 
MaintEmance 
Economy 

Exterior as well ·as interior stability. 

.· ' ooe:--a tic: . ' 

l 
i 

---.,- . 
,lnfluence of structurc and construction on the 

-- -~--... · imVironmcnt. 

Cons tr'.lc tion: · Practical. 
Adhcrence to dcsibn, capacity and time. 
Controls before, durin5, and after constructions. 
Coordination. · 
Reserve capaci ty available·. 

Future exuan.siÓns must be considered and discussed. 1 
1 

1 
• .. __ __..:__-,_.-.- ·---
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It d1~tinr;u1scs'bet ... ecn "Earlici- '"nd ?rescnt Practiccs" and "Jie11 
l'ractices1

'. lt calls to the attcntio:-1, n~ mcntioncd c<>.rlier in 
rcf. 2o by thc Intern3tio!19.l PI!ol!C Cor..¡:¡ittcc, thnt "~pcctra" ond 
"Spcctral sir:;iln!'it.:-y" is innctequ3te for deni¡:;n. Rcfs. 8, 1), n;¡ct· 
22 and o\ppcndix 7, Ch<~ptcr 7 givc con::;idct•nble information on 
this topic and cdvise thnt "wave conditions of r.lOGt dangcrous 
cheracter. for stability of the structure" and "P.isk 1\nll.lyses" shall 
be used for desi¡;n, (refs. 8, _Appendix 7 and ref. 12). 

Ref 8, App. 7, give :!n Table 3·9 p 219 an cxample on ho•,.¡ such 
<:~nalyses ;~ay b.:- cnrried out consiCerir.¡; ·~·ave ¡¡tcep:¡css and their 

.p,robaiJilitics. hr. tnis time (1981) sevcral results of rese"rch on 
'1-!avc Groupi,-,g" (refs; lo and 22) a!"ld "Jumps in HaVc Hcights (:-cf.lo) 

are av;'lilablc. I'; has, hO\'ICVcr, been so:r.c difficulties with dis­
scmination and publishinr; of such info:-m:.>.tion for cencrel use. f,s 

' 

an exá~ple: a Dutch repo:-t; from l9Eo on a large bre;;!.k\~C.ter in i·1a:.;:!.co 
does not inoludc "se:::;.ucnces of waves". The planned c.ew tests, h<YdC'."C!"', 
will incluCe such :.-~aves. Special ~~ave groups were obscrved in the 
rccor-Cs ro-:- Si?.es in Portur;al by Bruu!1 and Grünbak. Tests havc been 
and will be run on Siñes using such groups in CanaCa as ~tell as in 
Holland. Likc<~ise special se:¡uences werc observed in Icclend, und 
tests on thc .~:Craness dtimage are run wi tll su oh scc.uences. 

1 
1 

To givc the reader a complete picture of the necessity of ru~ni!1g 
such t<!sts, t.p;::e:1dix 3 was p::-oduced in accord:!nCe ·.dth discu:os:!.cn, 
Which tr.ok pl<!.ce C-..:ring and r;.fter the ·5th !'0,'\.C (Por:: nnd Ocean, 
Ar;:tic Cc~ditic.ns C.:ot~r.littce) confere!1ce ::.n T~·ondllei¡~, Not'",iay irt 

· rrom thc FO.-'\C con!'erence, publi~lled by thc Nor;~egia:l Institute or 

i 
' 
'· 1 .• 1979 (¡;art of tr.oter:!.<ll, 19Eo). Refcrence is rr.aCe to tl1e ?roceed!r:;;s 

·'. 'l'cchno2.o,sy in 19~o and to F:·oceedings or the Brealn1atc:• Se:::~r:a:- :";';; i 
· Santander, Scain, 198o. A c"opy of the Snntander ?roceedinss, ~~h~ch 

· is refe1.·re-:J "to in sevcral ir!.stances in thi;; report, 1s enclosed <'.S. 
1 

1 
Appendix ). ..1 . . ' - •• < 

WAV!:. CRITERIA POR TESTS ON THE ARZE'.-i' EL DJEDID PROJECT 

Thc situation is ..that tcsts .. on,·thc breakvtatcr were l'un by DEI be:'o::-e 
or in 1977. It l~<>.s in l97ó that PVNC f"irst P'..lb3.ished it:o radicel 
ne11 recorr.menr:!atio:-. !"or the desi5n of rr.ound and other breakwaters 
(ref. 2o) a!1d it took .::;uite a while, before these ne;-; principies 

-were ~OOJ-i:1 and desi;:;ners started to rcllow PI/..J:C's :-ecommend<!.tions. 

Thcsc :1C:i principles a!""e fully realized by DHI, but·at the time of 
the DAR-'.:!' no an<'-lyses oí dat.a following thc new desfgn princi¡:;les 
werc a·J~ilablc, conse::.;ucntly no tcstin,s accordin¡o;ly. This, ho\·/cver, 
is.su¡;¿;ested for the tests to rollO\~. 

~Ul-1l·i,,R.Y ON RV.SONS POR DANAGES I'..T ARZE;I EL DJEDID 

THE COLLA?SE of a bi"'eE!k1mter of rrultile,;¡;cd o:- other blccks ~ay htne 
\o.'~VZ r··,:t.C\-1,1.!HCS, STRUCTURA.L or IUXED l-lAVE r-tECI!t.rliCS and STRUCTURr,r, 
RE,\SO!!S; 

. · "'\~ I'~CH'I"CS ~-·"~N"' _ 1:.9...:._ ;, ,, · r. •,..:. ... ~ .. ~ "r •. • . ..:L• _,. . . 

1 

. ( 1). •\lthou¡;ii t..:!st.cd 11ith 1-ravc:; rccord~d from a bouy loc.l!.~ed ::;e;;;.~ 1 
distomcc f:-o:n tllé b1•eakwatt>r thc catú may not be full:O' re;:o:-~se:lt­

ati~.e-ror the wave condition occurrinr; aÜ. the 11ay alonc:; t!'.c ··1 



• 
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brca:~11ater ri,sht in ~ront of' it. Sr:1:~llcr i:Tct;ularitics in bottom 
tOpo¡;;raphy m:::.y a.t: somc points in front of thc breaV.~Irtter cau~c 
combina tions of \·laves, l·:hich are hi¡;her or lo;.;;;er thJ.n thc recordeC. 
t~aves.-Refrect:!.0:-1 nnalyses by D!!I have shown that ¡.¡aves may be 5), 

' • 

' 

hi¡:;her at sorne places illong thc bt·eak•.-<ater. , 

(2) 3-dir.-,ensionel effects m.::~y also arise due to thc history of the 
storm, lt!"tich r:w.y c¡¡.use very pealccd, hir;h, short-crcsted waves -
as it c.g. happcc¡s 1::1 thc J.iorth Sc:a.. To .:lccount for that moctel 
cxperirr.e:1t st::mlG also be carried out 3-di~cnsionally. Com!.i:-:ed 
11ave a_ction r.;r,y be determined by hi!ldcasting of a storm' s time 
history, and ::'•-dimensional tests are thereforc al so included in 
the f~rther test-prograrn. 

(3) Extreme wave height tests, whcn the extreme heights .:..nd the!_r 
distributicn must be dctermined, a!'e neeessary. The 1976/77 n:r 
reports· use a logari thr:üc · extrapolation. The DAREP ext!'apolates 
by a -Gur.~bel dist!""ibution., 1·1hich is used for ?robr-.bility a~alyses 
·to determine e:::eeda~ces, bo..:.t not fo::-- dcsi¡;n of sequences of 
particule..r da-:1serous character, as detailed ·.~ave analyses. needed 
.for such dcsign, havc not becn undertal{en - so far.· 

(4f ~.n:e.-s'.EO.m_ ~~hlcn. Occuri-ed·;:rna:y·a·l-sO;·as-a-whOle·, havc bypasscd thc 
rccordcd storn:>; iñcl. thc "dcsicn storm"· in strcnr,th~· becau~e 
recordin~ ¡;criad· was too· s.'":ort. Tl-.'0 or three yea!"'S of·::-ccoróin.:;:, 
of course, is !"!Ot eqoush for a fully reliable statistic. AccO!-<..!ing 
• ""g " " o" L,_" "'?.""!' ~'-~ -L-~- ~··na~ ?¡::_ ?n l(IP.0 '""m" <o 

(5) 

"O 1'~ • ...,,J. < "'"'' ...,r .• •~ ~"'- ~~~··"' ~· -V-• -~--_,, -_,~ -·· ·> • 

h~vo exeeded by a;:.pr"oximatcly l meter other storms on reco;:-C s:!.::.::e 
:197ó. Out it cor:-c::;ponded to the hinCcastcd storm of 6,5 m (Hs) · 
Wit.h 14~ "probabilit;¡: for 5-years-occ.,.rrence(TaQJ.e· J:.s .. P. 62), for 
!::h·ich· "tests t:ave bee!l run.:"(.Fig .. !4 .• 5.: p. 67)· 1i1."i:.h ver;¡_ limited· ~ · · ·. 
óarr,age only" ... · · · ·· · · · · · · · ·- · ·- · - ·. ·.·· · · 

The occur:--ence of ·soecial óanr;erous combinations of waves inclt:d~:-JS 
lcn;::'~mounter:cus''.,.•aves, one or two, n pheno1~ena, ~lhich recent:!.y l".i·.·e 
be>::o:ne kCJ;J;-m, :;;ust, i"lo•.-:ever, be ccnsidered and included in t:-:oe 
"test ¡)rogl'<lm; so r..ust "jump in waves" (ref. lo). ?heir effect 1s a 
:l:if.ti!"lg of."thc <?.rr.lour.·la:rer.~ 1-1ea:cening its stabilitY..· for:any ~ave, 

~--.\d"úch .. ar..!"".ives.. . .ir,:;r.~1a..tely_ ar.t.er_th~_long_~:?-ve_,_ 'i'he lcnr; ~m ves crn.\se 
· .C. OCCr:"c"ase ·o!' ·the."f.¡~iction force betHeen armour e.nd the-lst. sub'­

'lá.:;ier; s"6 tr.J. t. "i t ·g·i ves· Wal or" s lid·es- ·ca :o ier. ·. Furtherr:1ore i·t ¡;er.er­
--.-ates it-:-de·ep--cowr:rush·. The:-e ·i·s·no direct proof that such wa"<es of 

.special and .ve~·y dnngerous character ha ve <:~ccurred bu t. tht!;¡ a~·¡Jee.r 
.. --· ~ !l.··•~ a V e-re e o !"Cs. c.. ;; . · _': r-.o:!l _Si?!: ~.S , .. t: o_r- tu s.v..l , Dos E-:;¡ e:. s , ¡~¡ex i e o , ~.:: ; 

:Akiancss, ·rccland .. Refcrence .is .made to !"Ccent (August .1961) pn¡:;crs 
.b¡ BrUu:-~ and ·r.Joe (ref. 9) and by "Plough (ref. 22). 

·~ --··. ···- - .~-·---- . . -- - .. ··- . ·-· ..... . 

• 
"A·s""alre¡¡.óy me:1tioned it ho.s been deciCed to analyse existing 1-1ave 
"rCccrds ·\11th reSo"!ct to ""speci¡:_l wavcs". Thc ·results 1·1111 then be" 
uscd for f:;.rther-. t;esting . 

1 

' 1 
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STRUCTU!lfiL RE~.SWS FOil. Df..HAGES 

Over;o.ll Effcct.s - The denl¡;n, which is tested, is ::;uppcised to be 
.follO'IICd in til<! construction. Thc qucntion nlHay~ is, 1-ihcthcr 
thin ~r.:;s done in practic:c. As r.Jentioned ubovc tt1e Dt,REP .Sp<:!aln:: 
about deficienccs in qualities as wcll as q:.~alities of the r:-.:lteri<ll 
found in the breakwater. 

' 

A common rcason ror dan-.agc is that the porosity of the lst. sub­
layer is ioo small compc.:·cd to (or sr:w.llcr than} thc porosi~y of .an 
er:nour la::cr. T!\e r-esult is t~at static prcssures, 11hich b;.¡:.ld up 
in the mound d'..le to 11ave uprush, now becor::c higher than asnur.:ed or 
accounted for in the.desiGn, and this has an adverse effect on the 
stabili ty (ref. 1, Appendix 2). Thc porosity of thc Tetrapod~ · 
armour is e.bout 45%- The question is, l·rhcthcr grad<!tion or pli:!.ce­
mcnt of the sublayers rr.~.kcs thc Porosity s~aller thun it was 
supposed to be. The Bl layer h~d ofte:1 too small ,5rain sizes, and 
Bl mi:l.terial m.i!y have penetrated into the B4 and B5 layers. The - r 
tvro classes of rock are found mixed. 1 

Tt\e sublaycr is also designed to be place::! in an cven layer ~tith i 
little vnriance in thick:less and with a pla:1e slopc. So is place-. 1 
ment of thc er:::our layer supposed to be. The obvious question is: 1 
'.-las this actu(l.lly done ? In the case of dar.m¡;es, were placcmcr:t- [ 
procedu!"es thc .. saonc throughout construction, or ~1cre thcy cher.;;c::l? 

1 
Ccrtai!l cta:-~.c;~s in thc placement of blÚcks were made durinr; thc 
cor:struction or the .1\rzcw el Djedid brcakwntc!" (mo¡·e "regular'· to 

·l'"pcll-mcl!"). 'l'his ra.!.ses thc c;uestic:1 of, ·.~het:i":er it is po~sible 
to trace any conncction bct•,reen chan)3e of procedurer; for plHcer.lcnt 

~- and the da:;¡¡:¡:;e, which too\t plnce. The situation"is that con~truction 
procedurcs for the m1Cdle, he?..vy damn,5ed part of thc break~tat~r 
actual!:,· 1·oere chan¿;ed ?..S C.escribcC above, but :f"t is not possible to 
give a!ly ·ce!"i:J.ite ans~'lcr to the possibilities. of further dame¡;e for: 
tha t reason. 

-:\nothe:- ;:¡uesti.:m is: Did the cont::-actor use ::;.uarr~· rock to even 
"beautify" the surface of the 1st sublayer, the::-eby dec::-easin¡; 
its pOros::.t:¡ a:-td malc!.:"lg- it smoother, in this way also dccreasin.:; 
the resista:-~cc against sliding. '!'here is no C'/idence of that, 
hoHeve:-. Out co~patnble porosities _b8t"c;eer. laycr.s are very im¡:o¡•tant_-

'llith resp'.'.Ct to the arn~our, !t is rnendatory tt-,at it is well placed 
1n an e\re:1 lnycr ·.-;ith an even slope: If this 1s not done Hell 
enough, 3-di~e:->.sior.al e:"fects r:-sy arise, ~rlU.ch o·:ill influer:cc t~e 
stability adv~;rsel:r. Thc ;::ossibility, or course, also e~ist3 that 
en advcrse ·.-mve co:-!ditio!! O(!Ct:rs nt thc S1lmc place, \·.'here rL'>C<"T_er.t 
cf ar;r.o,_¡¡- :;.;:J/cr- S'-lbla:oet· is less acicquate. r:· the lst. 5'-lblny.:r is 
too smo.Jth, sl~Cinc; could ;:;ake place, if thc mounC i.s attac:;::ed b~· 
a lon5 ¡,•ave -•.-;hich, bY S\'larnping of the mound, m¡>_kes f::-iction bet·,reen 
armour a!1d sublayer so srr.all that failure as one comraCt layer r.ay 
resul t .. Rcr:,uired laye::- tllicl·:~ess, of course, must be respectcd as 
vrcll as ¡;rnin zize d!stribu:;ior.s. In this respect the D~.R.Si-' re;::ort 
r;ives .scme advc::-se inforr.,;ltion .. <;s me!'ltloned ea'rlier it is st11tcJ 
severa! times (p 2Ó, p 2t~. 29) th"-t roclc ~ize is small"cr .than 
Stip>;.lated, r.t?.inly for the El and Bll rractions . 

• 



• 
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The HC lar¡:;e sizc fraction ~1v.s so~.cti~cs ho.rd to f"ind (p :;;5), and 
so::;c of the roc:~s we!""c fr~sme:1ted (p 32). J\s the covcrlayer of 
'l'etrapodcs restcd or.. El!, Hhich restc:l on Bl, it may llave bccn 
leaV.a13cs of rccV. DI\ throu.;:'l thc TctraOlodcs und posEibly also lca.:-:s 
of" Bl t!1!"0U[;h BIJ •. At t!lC same tir.1c :;he Bit lO!.yer prcscntcd a smocther 
surfece against the Tetrapodes th<!.n assumcd. This circull'.stance 
hzs- at lcast - Hea\~cned the design. Photo Eo r:I<J.Y also leave an 
impres.sion or poor con::eet bct11ecn nn:-.our o.:1d fi,-st sublayer . 

. The DAR:O:P desc!'ibes, h01·1 dif"f1cult it" ~~as· to find rernn:mts or 
evide:-~ces of the toe built up of arrr.our HC. (0:1. 82 <'-nd Bl) r-. ..:te~·ials 
(p 30, p36). Th:!.s, of course, m<.y be a rcsult of the r;eneral 
collP.pse, by Hhicli HC rack ~1ns covercd up by othe!"' materinl •. ir:clud­
ing Tetra pode~ nnd B4 and- Bl. A sinGle remnrk on o ;o "Au prcfil 

' ' - ( 15;\, une rochc HC i\.:t trouvee cassee en 5 frc..¡:;ments voir photo:o 
57, 58 et 65)" n:ny be dc:;criptivc of the sitc:ation, actua.lly l"o\.:nd. 
It is difficult to place a toe of the dimension recommcnded and 
_therefoye likely that the· "theo::-ctical profile", Fig. 4.5, has 
remained "theorctical". This happens quite often. It Has, ho;~ever, 
difficult to t;;et largc:r rocks, particularly HC, ·from the quarry, 
as mentioned earlier. 

.. - ... 
There. is no sign of slip circle failure, ncithcr of "an}; cté"e¡) toe·· 
scour. 
Th~ . D . .'..RE?-ine~Ú~~i_:_~-~v~~¡~-i=...:.t-::_r.J~~,;·r-t~ú;...:P.t..:..u:;e..:ar.ioUñt ~of ma te:-:!.a ls. 
stronz·-"St· this is. exp::-csser! · oli .. p 69 as:- "L' Ctut.le -des pro fils tres · 

~a:_ endO~'T!e.;o;~es d' ap::-""es les reconnaissanccs cffectu&es par la sml.~.'T:'l:'.:O\ 
....... a .. indi:::.ue un gra:1.d d:iicit de utat~riau.x: (roches ¡;:; tctr-a::;cdc~) ;:'"!.!' 

"'.rapport a~ profile thhot·ic¡ue Cu projet" • 
. ,. ' . ' ' ·.. .. . 

On .. rc:.1ar:::.ue_ eg¡;~lement n ont pas trouve dt:rant leur inspection du 
cOte .. ex:ter-:!.eur. du br.:i.se - · lameS: de. raches nc. (plUs ctC lo ."tonp.eS)" , . .,-'. -···--······;--.· ... ,, .... :.~.; .. 

Ce deficit en r.rateri<'!uX ne pouvont a oe:!.ne s e:<:pliouer oar 
l' effcct c. e la tem•JCtc, les cor:sh:::.t.:.ence~ e 'un tel ct&iic:!.t- pou:- la. 
stabl.lite C.c l'ouV~:J.¡;e doivent etre examinees· nucas. oU le dbficit . ... " existeit·avnnt La tempete. 

"Parte:1.t de cette hypothese, le profil No .. 1 (Fig. 11.9) est su;o;;ose 
l'-ep;·Csenter. l~ ccnf.!¿;urat.io'n Ce sectia,.-,s actuellemen-¡; trCs endor.;r.,a-
gC~s-.ava~t.la_ t_empete cte fin aecembre 198o." · .;·., -·· ::· ... 

- --·- -- -----·--- -·· ·- --· -·· ... . -
The: d 1 f .. t'.e:-enc-e- in- .survey . .methods may_ ha ve _played a rol e, howevcr. 

----·:-·The·c;:¡r,clusion-·o·f ~l;e· te~t~--r~;,··~~-.. ·Proú{·c .·Fi¡{." ·~~-.·9· ("p. ~o: ~f ... ; 
D .. AREi') reads: "Le dernie:r profil test€ (avec deficit de materieu:) 

__ ,_..._e_st.n::~in "st~~l~ .. .::ue le ]::rofile th&ori:::ue" - "Il n'est pas p:-ob?.~le 
qu'.un di:flcit ;m· ma.tericiUX So:!.t la··seule ct peut-e;:.rc mér.~e pes la" 

. . • . ' ' • 11 

_ _.Pcrc:nc:?_:l_::~caus7' de~ ~dommug~~.-~.c~.a=~.~~n_r:~~-a .. ~ ouv-~~3~ -~-~ _ 

Trie de~icit"s. r.ientio:J.eC.··are-undoubte"dly in-·part·a result of so::-.e 
settlint;s, -..:tüch could be ex:pected Ut!der ell circuc.stances. Tl:ey 
are, hD·..;cver, >:;Cr;¡eti~oez of such ma~nitudc that the q_uestion <!:--::.~"'E 
of, \·<hether t)¡e r..ateriuls ha~·e bec:1 :~vail::"ole in the profile t'.S 
C.clivc~·ci"d upo:< thc ocnd o~· CO:l.!l'cruct:!.o:J.. This c_ucstion ca.n ·anl~' be 
ans·,l{.'!"",:od 'dit:'"l r~:.ference to the rrofllell S\.:rveycd ir:mwdiately t:;:¡o:1 
completion of the wor:<. Some settlings - of-limited order - 1~~ll 
al~>:l:rs t::~l:e ¡::l.:J;cc. ho;~ever. 

. . - - - .. --. 

' i 
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lf mat-erial was;'1cd out bcloH the armour, scttlint;s ¡,•ould tale e: o lace 
(aS cvidcnccc! clcai-ly from thc survcys, ice l. Phot6 8}- On p 15 
it is clc[)cribcd 1 !lo•.; "apr"es la tcmnCtc, enviren 12o tetr:!podcs 
t:li.spo"aible on:: ct~ posC sur la partie Est de 1 'ouvra¡:;e". . . .· 
The 1·1aYe screen in itsclf has ·becn responsible :for the scour i;; 
:front of it, (cx2.ctly ns in the c<e.ses of Siñcz, Portu¡:;-al, Bilbao, 
Spain, and .~kr2.ncss, Iceland) ;-;it~ thc fo1loltir:g collaps-~ of .:ne 
scrccn and hcá.\'Y ds:na¡;es to .the cro~m ir: Siñes. · 

As it hilS bec:1 .irn¡¡ossible to investi¡;ate thc conáition of the core­
fill, thcrc is no other answer to thc question than the supe:-­
vision's decision$ or approva1 of thc core material uscd ... " 

· An indication of a subst¡indil!'d c:orc fill ::;¡ay 'be traced by obsc::-·ting i 
tl¡e plc.ce, ':lhe~e settlings start. Settlings will come f!rst, 1·:here '[ 
water rr.overr.ents caused ·ay fluctuations in prcssu::-e, are r.JaXir.'.:.!r.t, 
and this is where u¡:¡rush/do~;nrush ¡;ive maz::ir.,ur.J deviations 1:-t 1 
pr-essure. In' t:J.at case this could happen ;::a::-tly in frorit of th.:. · 
wave screen and partly, vrhere downrush pe::~.etrates dcepest. This 
ha;:.pc:-~s, as ~(mtioned ea::-lier, \•;hcn uprush/downrush ¡:;eriod _15 <)qua! 
oro clase tO thc 1·1ave pe::"iod, or at "resona..,ce" (ref. 1, ."lppef'.di.x 2, 

.. rcfs. _2, 8 (APP.· 7) and _2o). . 

Structtl::-?.1 s~·..:::-!d'Cless of t;;,c :~rm_our _r·"''C!'s ~-,r Tetrc.::rodes ¡ 
at 'ilrze·:r e! D~.,·-'.-0.-:'. - The DXREP mentions t.!-.c: exte:1s1ve da::1a¡;e~ en : 
•etre~o·'a"' e··-n~·«~- r-~- t'• t~- ~f' ....... -ou~d (~"'~t~r o '~ ., ¡ 
~':> -,~,-.:-,' .. ._~~~;::::.:"'~¡~~ .. ,·• _:.;,- ... ::::_'-'~-"w~:¡'.:.,_~·, ~·u·',,d '/,',:¡",~;-'~._",•0-~~; --;,!; 1 
--· d w w"~ -~"'-• ~ '-'; '-'" "-''-'"'" VL Ll- Bv , vW~~ > .-> ~·.•' 

57¡ 5S):and nu:ncrocs profiles, exe~ple: Fi,¡:;. 28, p 26 seys: ";.~~~,;!'e t 
qu 11 y eit u:12 docble (et quelquetois t:ri.ple) couche de Tetr:.;:v.::es ! 
So\!r toute la lon~o.~eur óu prof11,- il y a d~ nomtreux: sig:-¡es Ce ! 
ctCgftts. i..e.p::.:.:rii:lt:r!?e Ce 'l'et:::-apoc:!es endor.-. .,..,gl!-s dans la couche t 
·supCrie·.,¡re va j".ls:;:u a loo,_ et diminuE touj~ur:; da;-,::; les couc::e.e; j' 
1nfé:-ieures ('par ex:a~ple o;z; :;ur le prof~l 7oB, 5%_ sur le pro:'E 

-ó90,-3o% sur le-¡:-rofil--',?4). - Further: Un grend nombre de ces ! 
Tetrapoóes ont ¿;i.issile le lo:-:t"' du orofii e::¡ laissant des corr!<:S , "' . , 
encestrees olus tout sur le talus. D autre-s montre:-.t des s1g:1eó: de 
_ctC¡;;ílts ev.i.ce~:e!':t .causees · pa¡•_ le choc de co~ps solides en r.:ct.:ve;~.t:1t. 
';.- La· ·p!"e;niCre sou·s-couche SOU!>- le-s Tetr:;:;p:::n::!es corr,oorte d. es sic;:1es . . - ' - ,, 
'de· mouve:;¡ents c_ci· ont· en"lieu apres la pose des Tetrap::nies . 

:'l'l'ics'e 'r"il-Id{:¡'o;s -exP·l~i:-: ti-{e ñiec-h_an-ic's'.or the brealcdo·.m. Blocks :;e::"~ 
.... 11ftcd o'.lt - so::-.t! pe:-haps a!'ter having bee'l exposed to choci<s -

.of .tr.e mct:nd e.~d rolled do;.~n. Du:-in6 this ;:rocess thcy were e:<;:cse:: 
to str-o:-!g i:'!e::"tia forces ar.d bt:m;:ed ig:?.ir.st each ot:::cr e_¡,d e¡;:::o.::.r::;::. 

""-j:he--!;ublaY.er. ·some· b:!.ocks appa::-en;:,l;;r were damaged befare tiv-' s'Co;·;:: 
'(normal· fe!' a .Tetrepo'de-mound). Other bloc:;::> bear 'ili ttne~s o! 
'havin;; -rubbeC against cach other. This r.te'I'"'S that tlJeY werc not: 
lar-ge e~ough to avoi_d movernents· - befor_e the storm. 

f.lultil;e,g:;ed bloc:<s, i:1cluding Tct¡·aéloCcs l--_._ave failed in othc~· . 
mounds, e.¡;. T:--i;JOli (Tetrapocies), Si?les, a!'ld'St. Cypri2.n (Do~:::-:¡. 
~~ave forces ha·;¡: be en the r::ein rc!l.SO:J. 1ri thc t;.;o former _ caSL·!::, ;-;:,.:: :¡ 
.co!'lcrctc ;:uu! i :ies :oeem to ha ve pla:,·ed a t""Ole in thc; caSe o!' "e!': e 
St. Cyprian· b::-ea~:l'later. There is no report on substandard ~o:¡c::-etc; 
at- 1\r:::e\; '!l l)jedld. 

CO:lCI.USJ:O:l RE0. U--:llT .STi1LliLITY. ARZE\-: EL. DJEDID. 
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( 1) 

(2) 

- :c:·o -

The concrete in thc block$" Has :J.ctuo.lly too wcak and belo:·~ 
re;;.uircd co;--¡crctc quality. - No cvii:lcncc rcpo:-tetl o.t thi::; t_~r::e. 

The blocks h.ave bcc:1 r.;istrcatcd du:-1:15 thc placcmcnt, ~illich 
resulte.d in tOo many c:-a6i¡:;" and bren!ca,.;es. - Tllerc a;;¡:eo.rs LO 
be sorne e·:idcn"ce cf that. Dumpino;s or cllutinr;s ha ve becn ~ 
hard in scmc cases. 

{3) Thc bloc!:s ~1er~ too small· and therefo:-c t~cre subJcct to r.lO\'C::-.0=:-::. 

causinr; bc~dir.g forces, which brokc the blocks. - There is ar.:;-:-e­
evidencc e!: that"." 

(4) The blocks ,.¡ere not stron¡;; e~cu::;h to carl'Y the lcac'. o!' oVel·~a:·:..:-: 
blocks in. si tu.· This is a sevcre, but actuoll'y occurrin¡:; reasc::, 
for failures. - 'l'heri! is no evidence of that. 

(5) 

(6) 

(7) 

The block~. althoug"n they ~o,•erc strong enoucrh to carry t~e lea-:: 
iil. situ, :fere unablc \:o carry thc lOad by combineJ m11t \{Ci(';::.::; 
whetl1er boyant or not, plus the lc<!d caused by do;mru;,h th;;:t 
exerted p::--cssures 0:1 a 1~::-;:;e :1U:r.ber oí" blocks, ·,;l";ich possib~:; 
were.lifted up hich enouoh to disrupt anY. inti~atc con:1ect:o~ 
~iith the sublayer, thereb~· increasing comprcs.sion forccs Í;',lJe -::::.· 
loss of frictions. - .This may be a main reascn for the failu!"';: 

.at Arzc~1 el Djedid .. So it is at St. Cyprian in Spain. 

Bloc!{~ ~:ere, durin¡; place:ncnt, put in Jar..r.!ed posit!ons due t;; 
T:lisundCrstood attemptr. of r.aking the armour layer more dC:lCé>. 

This ha¡Jpe:-~s !ÜI~ays and it is also cvident in this case, but ::~::. 
excessi.vcly. 1 

The miltcrials, -....:hich were Used for <"las ti!'.!'; of. the blc--::l:s, ·¡ 
.includcd chemical elemem;s ~lit~ dctcrio1'at.inc; effe;ot.s on t.he 
cement, 1·1hich gradually 1-1as dissolvcd, re~ultin;; in diS:!.r:te<_;::-=.::-~ 

-ion of the concrete. - There·is no _evidencc,of th3t. 1 

1 
' C·J::-e Fill 1:1 thc 

- Tl~c set.";".lir.gs and ;i.ovenents .cf t::'= 
also t?"le i!"lr:er slope of t:O.e b:-ea::-

wate:-, ;;¡ay as an ind:ication thn"t inactcquate ¡:;rain sizes 
may have a res?onsibi!.it:r for tb.e collapse with respect" to e.r·mo~:- 1 

::~:.~:~::o~~:~:f::~~~~:::e :;~::::~::e~::~:e:s::!';~::i:: ::u::-se 1 

havc "contributed he:"eto (p 26, p )2, photos· 39, 1:.1, and 63). §ot•:e ... f 

of the rack materials, hO\-Iever, as mentioncd earlier, sufferej 1 
breaJ.:ages dur1ns placemcnt due to too hard dumpin6S (chutj"¡;). '!::::.;; 1 
happe:1S ;:;_;.;itc o:-:e:'l.. Corc r'ill o:'tcn i;-~cludes too u•any fin"s ,- <1:1_~-: ~ 
gradually may va~h out. Su::h 1~esh-out may have happencd in thio:. cs.::-=¡ 
during the collapsc sta¡;e, but do es not eppear to oc predol!linar:'-- _ . 

CONCLUSICN ON : R.E.;SON FOR DA/·1..'\,G:<:S AT ARZE'Ii EL DJEDID 

Dama,;es happe~ed during a stor:n on Dec. 28-29, 19So described b:' 
DHI in prclirr.inary repo:-t of Junc, 1951 and in thc n.:.REP or _Jul:;i. ~ 
Aug., 1981. · 

' ' 

' ' 
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Nodcl tests pcrformed.be!'ore the ztructllÍ'e ~135 bui'lt zhowed t~.ct 
the dcsir;n - ií' b'..!ilt acco::--din>; to plan:; - ~muld \·:ithztand ".lave 
action es recordcd; or p::--cdictcd. 

Model tests pcrfoi·:ñ¡d recenÚy 1-1erc based on hindcazt ~~ave data 
from the Dcc. 2::-29 sto::--m and cxtr.:tool;:¡tcd d.:ttu as desc:--ibed 1:1 
the DHI p::-csress_report L-ad in tllc DhRE?. - l•iodels on Fartict!larl:r 
danr;crous \-i<l'."CS, i;:cl. decp U:rou¿;hs und hi¡:;h lonr: c::--ests, us wr>ll 
as certain .sequences-·of large wavcs, havf!. not bcen und¡;:-ta](C:-1 :!t 
thic- time. Sorne of these Ha ves m:;, y, h·:n~e1•er, ha ve be en "hidd(l'." i:->. 
the s¡::~ctr:;-. ¡__;se~ :'o!'. testin¡-¡. E:o.sect en e.ll av¡-,!.ld.lle i:1fon~:.tior. 
the foll01dng ¡::ozsibilitie.s for dama¡;;es secm to cxis\;: 

WAVE ACTIO}! 

A. 'Inadet;.uate ~rave data. T'nc time period of rccorCing !':!as Sirl';ll~· 
not bcen, and co~ld not be, long enough to dcvelop a fully 
reliable lor.g-ter~ and extre~e heig~t statictics for storm 
wavc action. , 

B. The plnce o!' re::::ordin!'; roay not have bcen fully reliabl-e in 
respect to re,oresent:!tion of data along the breabmter, wi1e:1 
wave action, rr.vst likely, will.unde:--e;o son¡e chnr.¡;;es. So far 
littlc devi:!tion (ab. 5%) hac been estir.~ated bY-diagrams. . 

c .. Long wave ef:''ect;s, and thc errects of dangerous se;ucnces, ncc::::!'¿~ 
-irlg to availa"o~f!. .-.nalyses. : 

D. 3-dir..e:l~ion:!::.- e:"fects, ~1hich accordin¡; to experiencc me.y be vc:--y J 

detrimer.te.l to the stabil!ty of mu~tile!Fged bloci-:s ~-n pa:-tJ.cul:: . .:-. 1 

Superficial place!~ent cou!d elso cc.use ):..dinumsional e!'rects ! 
of adve:-se c:-.e.:-:;.::::ter. -

STRUC7U~AL ST~3I~ITY. OVERALL 
: 
' 1 

E- Va:"i:!i'!ces i:-. t:,ic~:ness of the ar::~our laycr· and/or peor 
.of' bloc:.;:s. '!bc:-e i!:> some cvide:-~ce of that.· · 

place:;:e!:.t : 
1 
1 F. Peor fricc:io:1 CC:-!:1ection bet1·1~en armour and 1st. suble.yer. -

Thfs is lij.,;:e-1:,• te ha·1e occ"Jrred, as lst. la:;er as v:ell as 2:1d . 
sublaycr ;-¡e:-e ~salle::- t!lan the:1 were suprosed to be. 

G. lst: s:..:ble:;e!" h-~s rnn.jor varianccs 1:1 thic\mcss, f'r!ction ar.d/o:::-
. porosit:,'· T:::i::: __ ¡;¡ay. be ca;Jsed b~· cha::.ges in construc>:icn ¡;:"ec-tice 
duricg the cor.str~.:ction. The :;.ucst:!.on: "Is there a depende:'lc:;· . 
betHecn Gao.,a;;es and co:1strnc~ion WoY"k as it ''nroc¡¡cC.eé." - ha"' nc:l 
been ans1·1ereC a;; this t:!.rnc, but chan¡;;es of coñstructio:1 p:-:J.cticc , 
did taltC place.· . 1 

.H .. ls:tl-:ere an:.· s!;;;:-!. of' d'l::;a;c to the toe ? If' ':;t:.is. is the CD.Se, tl':=1 
toe may he.v~ ":leen ·.1eeV. in the start, or the toe ~1as damase::l, ·.-:::e:: 
the up¡:er pa:-t of t!".e struct:.:re collapscd. Is it ~ossible to :see.l 

·-·- -- · if the toe is' st:l.l::.. int¿¡,ct-.r-esarCless of' darr:o.ges ':O tht: uppe:• ·· 
stl".rcture? Is :!.t ah1ays Ol< ::rt <:.he non-dama¡;cd section oí' tll.e 0::--::. 

· .Mater ? T!-.e cuestion r:;2y be ans·.1ered as follm1s: T;-,ere is li-:;-::1~ J 
evidence oC the existence of n toc-str-...tctl;.re, b'..lt the toe ~,.~.- r.~·:; 
been.buried in debris from the collapsc, o~' it: may have •·~ni~·:--.c:: 1 
during the ccnstruction, simply becacsc of its (too) ur..ite:~ -::.:;. 

r. Is t!:terc :>.n:t sign of scttlinG o!' the structu!'C \-lith part:!.c-...:.1:.;- 1 
.rer~~re:-.cc to t~e ~..:pper ;.:J.r't o~ the slo~e. by 11hich the.l·lnV(· ."i<::-<:: 
was ex,:osed on a scc'Cia!l hi¡;~ í!:'\OUgh ¡;o cause rre-~.•;cnt rel'l•o~ti~: 
oi: U;Jrush, tl".e~eby dr-.;n::!.J",e o¡;,o ·tr-:c :-.rmour. Ir sctt-11 nr,s ha ve t«'r.e:.; 
place, the· t·"'uson could \.le: a) ~1ash out of too smcll pa!•ticles 1 
includcd i:1 t!~e 1st. ~ubl:J.ycr or b) co:-c fill h::J.s incluúctl too 
-··~ .. '<'<-~<- '·'"''~" '-'~";,,....., ........ ~"'"-~"''" ... , .... ,,.~ ., ....... , .. ,_ __ ~:·. ~~ J 
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(a) initial -dcficits 

.(b) outH<~Zh of matcrials, mainly 
sublayer rrnd co~c fill. 

Thc .survcy.s maclc Ccmonst.rate that sorne ~nitial (l~l';Lcits·are likel:: 
and that so::~e natcrials may have been 1-/ashed out throu¡;h the Tet:-<:l.­
podc arrr.our, as lst. sublaycr n:atcrial ~tas smallcr than reo..¡uinod. 
Sut·veys v.~tcr complction of works, howeVCr, are not ava;!.lablc. 

STRUCTURAL STABIL~TY. UNIT 
Re¡:;ardin!'; u ni t · soundncss _ the situati_on is that many broken arr..::mr 
blocks have been found. There are 3 possib1lities _for these i.o:-earc­
a(>cs: 

1
1

; blocks ~terc nlready brolcen or damaged during placcr..c:J.t. 
This undoubtedly has happenec:. ·rt always does .. 

k 
12 : blo~ks broke in situ~to·compressive and banding forc~s · 

causcd by thcir O\m weight. Such brcalwges, if the:_: !"::ove 
occurred, may be observed in the structure \·lhich i.s left 

··1ntact. - Thcre is .some evidence of that. This rea.scr. 
probably was the main rcason fo!' the f.!!ilures in t!-"le St. 

- -Cypri-an brcak~1ate::- in Spain (Dc.los block~). .. 
1..,.:-bree.ka~e due to !'orces by 1·1e.ves causing s11ding a~d 

-' colla;;~es com!>:!.ned Hith :!.n sit:.:_ p!'e~sures 1:-1 the moo..::-.::. 
Sucl-, úar::t.ge.<; vti"-i n,y.,¡,l \..ht:m;;t:lvc:o by t!1t: ia!"b'-' a~.:::::.o:~· 

.. ~f. brol~cn block:i, ~~hich are [Qt,l_f!d .l,n l;f\e ruOble depc.s::.¡;c~ 
o~ thc lowcr slo~e and on the bottom right in front ol t=e 

''c·,.~'-'~-'--c'-c-': brca:O:-..mt.er. - There i5 all s:j.gns t;hat this 1s the ¡¡-.a~n 
-:.. --- . J'cas-::m·· for thc failure. 

' ·¡ 
1 

14: _ilefects in the ~oncrete,· 1-t~ich can be observcd in b~:lk.~:-: 

- : ..... 

.· ns wel1.as in b.~.ocks, \>hicn are still intact, Shortcc-.;o,~n~s 
··in- thc strength of the concrete Hill ahtays re·tca:;_ t.!:.eao­

sclves in their d1stribc:tion in the mound of da::¡a¡;cC: ":J:;.c;:::-:~: 
_ Where !'orces are rr:axill'.\.:::1 fo!' strc.ctural :-easons, t;-,.e :l\.:.::-.::e:-1 

, -of- c!amaged bloc:(s Hill a!so be rr.::;xi::mm. - T:-:ere i.s, :¡.t; t::~:: 
: ~ · ti in e,- no evidence aL' tha t a t APZC'-' el J;;ljeC.ié. ·-----·· ' - . -- -

~--~-~~: ;_: 15.:".~~ ver;¡ sneai:y reason for dama¡¡;es :!.s the deterioreti.:;t cf 
. --- .. - cemcr.t causeJ b~· aéve;--:oe chefi11Cal reactions be~wee:-: :!":e 

-~--- . eement and eertain roe~: materials used fo:-- the ma:-n.:[:¡ct:.:::-~ 

·::.:-- .•. - - ing of the concrete. The!'e is no reoorted evidence e-:' tr-.2-<: 
------~· -in the CN !'eport othc!' tha:-~ the comPositio:1. of·.t!":e :-:c.:::: . 

. - ·- which W!lS f:-actured wit!l sorne 1,css sub:}tantial che:::i;:::.l 
- deposits. 

' · · From the 2bove t~C:1.tioned it ¡;¡:¡y be ~;~eE;n t;h.~t ~Ia,vc forcos, ;-:-~babl:: ' 
:exeCéi!l~ dcsis~ !'orces, attackin~ a .:Jtructure, whi~h in se~·o:::·::l .1 

re.s¡::ccts·l/25 too sc:-~sitive to ~:W.Jor 'd?.Ve acc:ion af!':t not b<.1~l: :1.-::::::r:: 
ing to rC(!tJi;--ed stundards, ::;...:st be char¡¡;ed ·.~ith the rnain rc:o:::;-r.:::.:::.:~l 
for the cÓll~~sc of thc brea!(\O:éltc:-. Thc~ flaws in roc:C ;:-.a-:e:·:.;:.l, ·~::.1 
es t<ell ns so~::l.:!ncss, ¡.;ro~:::tbl:; pl::l;red a mi:lO!' role com;:-~!-e-:. ::J t;:~ 1 

Wave mcchnnicS rc:':lsons. Althc:.:¡:;h the structure . .,. as dcl1V€rt·::! ~ >;::ls 
;.ze¿¡.kene•l co~:;~c:·eU to the dcsi.;n, th'Jre i3 -~o dircct pr::.cf ~;.~: i·~. 
if b•Jilt as it \t<IS sup¡:oscd to be, w~~l~ld have wi.tr:stvod tr.e·:·-=-:-~eo . 

. ,, j~ ... n.,~,·~·· ... ~--·~;~ ,.,.,, .. ~.,~.- .. , i" nny .... ,~,.,,.,, .. ,,., ·--c··;,l ,., .. ~ 
..-. "~·<--•'-'·• •'"-••··~·· ·'- '--···'-~·-'~J.~ • .._., .. e~~" ·• •• .. -~ ··-•~ 

been l~:ss, if thc tie>Jit::-t hé!O bcc:-~ fo1lo~ted. From tt-.e c::mst:·,:;-;io~. 
nnr.ln 1t· !".C>c,;oo, th::!t ~llfl'"!!"r15~0:l. '"·"1'.' nnt. n"v"' ¡,,.,,.,,., ,-t.•·~,..t ,..,,.. .. , .. ~~-
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Refcrcncc it> n.~dc to flppendix 6 arid Appcndix 3 by Bruun and Kjclst¡·;.:_;:. 
(POAC, 1979, '!'r·ondh~im, llorway). 

DRIEF REJ·lf,R.I\S O!l THE TEHPORARY DESIGN 

·A great number of 'exncrir.ient5·)13.Ve becn runas mcntioned in the 
DJI.REP· and a mJ.mber oi' [;Uggestions l:Javc been pro posea and cvaluatcd . 

. The criteria f;;¡r .such repairs ¡¡,ust be: 

(1) rapid execution (befare the storm period) 

(2) reasonable practica! saf'ety and costs 

(3) repairs as clase as pÓssible for 1ntcgrat1on 
in the anticípatcd f'inal desi¡;r.. " 

Pleane note: p 85 DATIEP, "Pendnnt ce tcmNJ le risqu!l d'une pro¡;::"ess~<:: 
des def;ats Ct !:!C!llC ct'une destruct::.an tota1e est trap eleve, et il 
irr,port.c Ce prendre des mesures 1:r.med1ates pou::- preservat1on de 
1' 0'-lVra¡:;e, ;neme de fa con pr-ovisoire'. · 
Requir-cn:e!'lt No. (l) sec.-ns to.be fulfilled,· as works have started 
a t. this ti¡;¡e (Sept. 1, ·.1.931) .. . . 
ReQui!"'ement ¡.;;:,. (2): Type E.i5 recorr.mended, (p 88).- As described 
in-DAREI'· su~;L;,;,Stio~ E hns a platf'or-r.l of 1Ó mcters at elcvation 5 
r.:eters. Acc::>:·~in¡; ::;o labor2-tory cx¡::crim!!nts, "~:m peu;; canclure <;.l:C: 

le Profil E. a U!'le resistance acce;Jt.¡¡b1e jusqu 1 a une e;randeur 
de houle Hs ·= 5,5 ;;'¡·envir-o:¡. Cette h::>ule a un-e p:r-obabi1ite 
d' oc~ul"~'C':1CC ? · e:1vircn l(.f~. durant le premier hiver et de 2;:1, d~r.ar:t 
~es oeux p:--oc.'l.<:ln hlv~l"'S , (p 81). . ¡_ 

.·With rcfere:J.ce t.o the ab::>ve rr:entioned :--egarding ~¡aves of or:!"'tiClll<'-:- ) 
ther.e probabi1ities m:ty have· to be checr:ed,·.-;r.,;:-. [ 

;_;~~~F,,,h~;:' been::-un Hith su<::h ;-:aves or 1-:ave se·:oue::ce::, ji 
o in the spectra. Re,ga:-dlT:g iter:; {;.), it is, ;;;._, 
::!:lr1ier, the opinion of the autllor that it ml'ly beco~e , 

practical to lc;·;e:-, orto turn; the ber;u (rcf. prorile E), r:1aking 
it mo:-c com¡:¡atible :.oith the i:westisated breakdo1-m p:-ofile, by . 
slopin6 it .. fr-cr,! __ about -5 m to about -8 to -:,m a1ong to about 10 ::1 
berm -.or slo¡:e 1 in 5 rou<Jdin.; it :l.01·1:1 E-t t~e 1o"oler "edge" a:1d 
r0Uñi:11:-~g 1~ up a';; the '...:pPer--"corner". ;.veragely tll~ ber-m is the:::'eb~· 
lo'Ne:-bd 1,5 :n and tu!"'ned ab~:12--C¡;grees anticlockl-lise. Such <:lesign 
r.mst be:n::n'!<iled. i~l a practical 1-11!~',. hc·.-tcve::-, a~d the situatio:": ::.!S 
that·it has'to-t:e at least.2'layers of l:Jeavy rock on the top of-<:::e 
~ublnye:-s. This may, at some plnces, ot' necessity cause sor1e 
variances in the dcsi¡;n. In· practice the profile, bj' the c.,nst;:-~¡c<;;-

-·io~l"'pro~:':d;.¡:-e·,·~-:ill·t:;·itse1f a'.:t<e.in 2:1 S-shar.e, l::er.ding da~:r. r.t 
the- a:..~~er "eC¡:;e" · e.nd ber.di~¡;; up.at the i!"!ncr 1'corncr"; the!'eb:,· 
e.voiding_ "b:-i ttle ed;;es" in_ thc lo11er slope and decreasing the 
.upper s1one a:-1g1e. 'fhis will be a definite advanta¿;e, resultina; :!.n a 
l!lore practica! and pt.~.b1e prafile as a wholC. !lo reasan te build 
somcthir:¡;, l·thich NC ;-:~o~-¡ that nature ,.;il1 chan¡;e soon. 

The te;upora:-y nrofile -shou1d, of cour-se, be ::;uch that it, most 
e.;.sily, teca;;,eS .:m inte¡:;r«ted· p:l.r-t of the final profile at· the 
reconst.r.:ctia:1 f'ollo·Hii"lS the tempor-ary .:-epairs. 

' 
1 

1 
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A couplc of d~tails :>hould be mcntioned. Cav1t1e::;, of coursc, '.:)lDu:.-:~ 
'be closed. In flor;1ny this is oftch done by cxplosi\•cs, 11' the ·,¡orl~ 
by crane becor.¡cr; too laborious. 
1-lith reeocct to the repn1r o!:' the scour :liGht bclmr the wn-:e s-::r·ce:-: 
an asphnlt concrete or iñortar is su¡;c;ested to be Il~-Jmped Cc:·r:1 (cfte::­
thc tr1an.r:;le in l"ro~t of tf:e scrccn has bccn filleC) ·to fe1:·;>~ n Ce;1se 
but flexible wall. BehinG the l>all grouting of srfinll cracks rc.~.:r be 
clone by nsphalt mortar, lnrgcr Cl-"acl,s, or opcnings, -by co:Jcrcte. '.i'J:c 
bi tumenous \/rlll ::-ight bc].o;·; thc "''<lVC screcn then ft:nctions as a ~Cl.:l: 
for-thc concrete mc!;"t.aring. :\ sir.,ila-:- ·,,¡all lii\S useci at Sfñ'es, ?c:-t-.:­
gal, by c:•::n.:ti:-:g ce:r.ent m::>rtnr t~::-0\.!(;h f:olcs dril~cd. in t.he s~~!! 
behincl the .sc:--ecn. Ce~e:lt r.~or~~r, hol·le'le!', ten,2.s to be come ~iGid ::r-:C: 
may thus crack. For furtller re':'la1-r 110rks at Sines asor.::lt h:--.s ':;ec:'l 
rccomme:->ded. 

BRIEF RE--!AR.ii:S CN TIIE- FINAL DESIGN 

During the la test 5 years a -numbcr of severe damagcs ha ve happe:Ú~d 
_to brca!-:waters b:.:ilt duri:J¡; the latest 5 tolo ycars and cxter,:'.ing 
1nto dccp-1'/ó\tcr (loto 25 meters). This includcs: 

' 
1 

B1lb11o 

"'ec_ide:nt 1977 _,. 

para 1.1 elloped i e 
for repairs (9o 
final staGe . 

blocks, al so recotr.::~e-:-,Ged ' 
ts). Modcls in No::-·.-:a_;: ro:- .J 

. " Sines Portur:--11, 

AcdGcnt 19"(7-1978 

- --
-·--···-

- - . . • . r. . -
' . . . 
St. Cvl)rian, Sr:ain· 

-Accident l92o:· .. ·: 

T:--ipoli, Triooli 

42 ts DOLOS 
It is not.likely that Tetrapodes ~¡jJ.l ""' 
used for the fin"'.!. ctesi¡;;:~._ 3loc\~~ · .. :-;.:~ '::;; 
rectan~ular or c~.:bed. 
(P. Bruun, mer.~be!" of corr.~ission). 
Model tests at Dutch Labor:;.to::-y ólla:-.:-.ed -. 
Tempora!"Y tests at _canadian Laborato:-:; . 

52 ts DOLOS 
Replacer.~ent by about So ts parallellc~ed!c 
blocks recor:uncnded. lt.odel tests ¡;.lar.::ed · 

21 ts TETRAPODES 
This case is now being 1nvest1gated ~y a 
group of oxperts. DHI and P. Bruun rc?or~ 
doliver~d already in 1979· 

4-5 ts RocY.· . 
Replacement by 6-8 ts Rack -or volca:>:c "] 
origi'\· Improved profile Hith 11ide tc•r.~--:;::¿1 

?re:>c:1tly u;¡C.c:- dcsis;n (under the supé!J;"V1Sion of thc autllJr) n:r..-. ·:;; ... 
Projccts ~or 1!idustrial ports i:-1 Ncx1co: Lazar Dos Cardenas cr: t.he 

.. ~J'aq1fic, Dus Wc2s a!ld Ostion on thc Galf. Thc follmii:-1(; type o:· 
bloc%s will be u~ed: 

Lazar Dos Ca:-dcnas: Parallellopedic O!' cubcd blocks, perheps ,-;~';h 
groovcs (.-'lnt::.fel"). Df'si¡;r: 11111 be b<:scc! o:-. 
ex¡::-cricnces utilizin¿ tc!;;tS in }:or~o1a-¡, f::cll<=-:lC.,. 
and Fraace .as "modcl:;". - · 

·Dos Boca!':: Cubed blocks.,.,•ith ¡;;roovez. ~1odel cx¡;er:!.r.:c::';:: !.:-: 
Holland. Block size about }o1~of Antifer-<;;;;;e. 

-. 
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·~ . Ostio:J: 
. , . :". 

'Cubcd block:; Hith r;roovcs. i•iodcl Experimcr.t:: 
planned in Nc.:<ico. 

In all· C3..Ser; the _use of mult1lc;:;¡;ed blocks has béen dizcarded due 
to recc:1L bu<.! c;(;:·~~-:.~:ncc <.•ith thcse bloc:.O::s- This does not n~cc::;:¡¡::-!..'..: 
mean that thc blo;:ks are bad in themsclves, hut could as 11ell ¡;:eu:-. 
that they were used beyond thcii' limitation5." But it ~hould t.ti:..:. 
be rcmembercG f'or ov(lrall a:o wcll as unit' stability that' "the S~:",;;-_;::· 
oí' a chain (ntru~ture') is the strcn,;th of (cach) its lieaY.e::'; mc~.'.;e:·" 

I t:ould, hcwever. S<.J~:;est for co¡¡s:.c!eration for fin:J.l dcsi¡:;n u; 
Arzcw el Djed1d that reconstrc.ction of the brcakwate!:' be b~zcd on 
cubos Or parallellopedic bloci;;s, because I do cxpect that 1-:¡;vcs e:' , 
about lo mctc!':o c:o.n (vtill) occur, 2nd !'or such waves the rc.o!·e !:te:-:-:'.-;¡ 
not frac;ilc, blcc~s are preferable._The mo'..!nd r:~ay -e.g. be built • 
with a st!"'<!.i(;ht •. e.¿;. 1:2 or 1:2,5 slope of part>.llellopedic b.!.od:.s i 
or a 7/5 slope of Anti!'er g-:-ooveG. Cl..<bic b1ocl<S with substantia1 ::::e., 
or - pcrhaps bes'<: - Hith a combincd s1ope of uppcr 1:2 or 1:2,5 a:-.:: 1 
1oHcr 1 i"n 2 or 1:1,5 slope· with D. berm of about 2o :i-!etcrs in· '¡ 
petween. Ref~rence iS r:~adc to Fig. 2 (F!&. 23 in the enc1oséd. · 
"¡\ppendix 2). Aru:o:.tr blocks,·of course, .must ha ve adequate s"'..ze <"'"'-~ 
I woulC. al~·:ays 1c:c1ude a W/2 layer bet:·tecn t:he aY.mour and the lst:. 
sublayer (,;¡::;-~;¡dix 2, !'ef. 1, Apper.dix 7. Chapter 3. ref. 8, 11nd 
iS n·a~lrecor:-.rr.e:l.ded by· the US .~r::Jy Corps of Enginecring_for.ne.vi;;e::- 1 
1o:1 brcak~>·ate:>s 1:1 the US). _See ,;pp'O';!dix 7, ·chri¡)ter- :; , pp 195-"22; ¡'

1
, 

for dct<J.ils. S:.:.blaye':'S must be of S'J.bsta;¡tial-~ock <1:-id rulfi11 
Terzu~hi'-'> filter- :>e.tios. This wes probab!y ~ the case et J~_rze:,· e!. 1, 

Djcd:t::!. T}";c '<;.:est:.vn vf" "pr·oper und relia"ole ;r.oaelling is l"andatcr::. 1 
Ap¡:;endix 2 descrioes "~!aves for f·lodel Experime:-.ts" based on ade:;;:~':;~ j 

- wave data (!' .. p¡:;endix 4 and _refs.· 7 a.nd 22). Three-die:¡¡ns1or.ecl tet><;s ! 
shonld :be .i;:~cluded in -the -f.inal testing orogre.r.r ·(re!'. 2-3). "LuaJ j 
ractors" r.:ta~· be ccriS_úle!'"!d to ,::rov:!.cte. a·- s·ai~ety mar¡:;i!"'. (ref. 9) o.:-.~ 1 tests ~houi.d be cerrieó through the failur-e stage to inve~tigac;e ¡ 
mo_des of failures (.4ppendix 3 a~d 5). , ·. . · ·¡ 
Plecement of blocks inust imitate orototype eonditions as closely as ¡ 
possible (re!'. 12) and "Cesit;:1 and co~struet!on ¡::roceéures" sr-.ct;;.,::: 1 
be 1ncluded in the er.;Jeriments (rer. _ 23·). Throue;hout ~;;~del. sc1!le. 1 
effects:should be evaluated (rafs. 19, 26, 27) as .part of t~sts ~e:~ 
repc:-ts.: Opti:;¡um-- desi¡:;n · may be· attempted already in the mee! el s~a¡;;e 
(ref. 5), wh1ch rr.cy 1nclude ris:.C. annly~es based · on ex~st~ng da ~a a:-:: 1 
the·new.:.model experiences (rer: 8; Appendix 7). · : · -:. · · .. 

• •• 1 
The author-finds :>e:>.sons to repeat, what Has ment1onc1 eer.!.ic:- i:! 1 
the rcport about the severe colla;JSe of the extreme ends. In abo~::. 

_ .. 19"?5 he . .rec-:o~:~e:-:.Ce~ for 'l'!::TR.\ TECH <!nd PARSC:JS th:;.t the e:ztrerc.e e::::.'! 
of' the bre?.kwaters fo:>-reasons .or' safet;r of' thci"·structure be -e~!'·: e::. ¡· 

o'..ltvtard:tw~-o·11.rds the -open sea (like Fig. 7). Recommendat.:.ons ;;ere 
not follot~ed-:"""Ttie--result is seen today. 

Septcmbcr 5, 1981 1 

1 
P. Eruun, Dr. ·se .. 

. .:f -7 '----:;:; .. ~ 
~.c.'-{~\{~· l:."'-Jí ¡__ :.-~ ?, .f_,'' ,. { 

1---r ...,'" 
·1 1--o----:> -
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MOUND STRUCTURES 

DISCUSSION 0/l STABILITIES 

Per Bruun 

- 1 -

INTRODUCTION. 

During the last decade consUlerable propress has been achieved 

in the design and construction of mound breakwaters. The 

reasons for the progress are; 

···- .,.,. 
____ 1) __ .The w9rk by the :·~aves Commlssions'' of the Permanent 

i1_1tetnational Association of naViaation Congresses 
.... 

{refs. 1 and 2). 

2) ~lassive_ fallures of mound breakwaters including 

Si~€s (Poriu9al). Bilbao (Spaiia),_Arzew el Djedid 

· (Algiria), Tripoli (Tripoli), and St. Cyprian 

_(Spaiia). In all cases the armour layer ~as concrete 

blocks. _These massive failures may be traced back as 
a result of inadequate wave data, inadequate and 

lfll~ra~tjcaj, jaboratory exp'eriments, certain neglects 

.tn:t6e de~1~n providi~g inssuficient friction 
6et~e~n-la;e~s a~~/o~ insufflcient permeability, 

the lac~ of a proper toe structure as well astor 

t~ lack of a botton protective mattres 

This paper analyses the components in a stability 

condition, reasons for failures and formulac -
procedures. 
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STABILJTY ANALYSES 

To stay stable a mound structure exposed to wave action must 
fulfill the demands to overall stability as well asto unit 

stability. When mound st~uctures were largely built of natural 
rack the interest was turned on overall stability and the 

stability of the single unit ·against movements. The introduction 

.of concrete elements carried with it requirements to structural 
strength and health of the unit. Recent years experiences have 
preven the futility of ignorin~ structural ailalyses of more 

detailed nature. Based on bitter experience it is now known 
that damage to mound structures often is a chain process by -,-' ------·------------

• 

which fai)ure.of one element introduces a chain of fatlures . . . 
The stability of the single element therefore becomes of 
primary interest for the stability of the entire structure 
{refs. 5, 7, 9 and_12}. To obtain stability ene ther~fc;-e. 

has to consider three different kin~s of _stabilities: 

--· -,-. -, ... '-
i} The overall stabiltty, which fs the stability of the 

breakwater as a whole with special reference te the . 
armour layer. 

-~,. --.. ,. 
ti}.· Jh~un_it s_ta~~lit~- which ts the stabtlity of the 

single unit or its ability to stay in place. 

---- -- --· . - ··----- -· - --··-·- -
iif) The structural unit stabilfty which is its structural 

_s_t.r.enJ~th:. ____ -·- ..... _ 

' ; ~ : ' 
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These stabilities which all must be fulfilled are interdependent. 

Failure by ii) or iii) or both may cause ¡¡n i) failure. Failure i) 

may initially occur without ii) or-iii) but it may cause failures 

ii) or iii) or both in the failure itself. Heavy damages often tale 

place when the armour is completely soa~ed or fluidized in wave 

uprush. The breakdown pattern therefore may have the character of a 

catastrophical event which moves large masses {refs. 8 and 9). 

Common reasons for breakdown of rubble mound breakwaters whether the 

mound is composed of natural or artificial brocks are depicted in 

Fig. 1 {refs. 7 an_d_9). They include 

l. Knod-outs by plunging waves when{ ~ t<lno<.VH~o '< 2.5 

but > 0.5 (refs. 5 & 12). 

combination of uprush and downrush and toe ~elocities 

-in an arri~ing plunging wa~e. Professor Koutitas (ref. lB in 

press) has made extensi~e theoretical studies of this subject. 

J. Slides of the armour as a whole. This happens in particuhr 

at steep slopes which are subjected to high waves of periods 

. e lose to resonance (that "means uprush-downrush period is_ 

el ose to wave period), see refs. 6, 12 and 14. 

Failure is caused by combinations of bouyancy, inertia and dragforces 

supported.by the effect of hydrostatic pressure from the core of the 

break~tater. These forces all seem to reach their maximum value foo 

lowest downru~h which occurs at reasonance or for f = tall>('¡/¡H/L
0 

"'-" 2.5 

(refs. 6, 12, 14, 18). Experience, however, has shown that large single 

or double waves 1fig. Za) may be particularly dangerous. This has been 



• ,, 
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observed directly in the field and sorne of the large failures of 
multilegged blocks may be attributed to the occurrence of such 
waves or groups of such waves. 

4. Gradual breakdJwn or failure dueto "f¡¡tigue". Fatigue 

St<lrts with smaller movements of the blocks which gradually 

increases and by which the block(s) gradually is moved 

out of intima te contact with their neighbour blocks or from 

the first sublayer and perhaps simultaneously suffers from 
tear and wear dueto their rocking or bouncing around, hitting 

other blocks damaging themselves and them. This is in 

particular of importante for multilegged blocks, when such 
----- ---·---damages.may be directly.observed or .. "heard". in coming. 

- . - ·-. 

~ ... 

-'=~;; Occurrence of resonance making the uprushjdownrush period 

- .... 

equal to the wave period for groups of waves (Fig. 2b) has 

which partly breaksdown frictiort and inter-

' . 

. - -- - -

• • ' :c •• -- . e 

. .. , .. 

. . . . . - . -- . 
..... 

. -·' 

' - . . . - - . -
- --. . . -- ' 
- . -~ 

~- -~----------·---·--~--· 

. -· -
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knitting between blocks nnd pertly cause structural ruptures due to 
bending ~tresses and othcr fatigue forces {refs. 7, g). Other types 

of wave trains e.g. wave series with deC? trough, Figs. 2c and 2d, 

causing deep run down, Fib• 2e, and therefore high downrush veloclties 
as well a_s highcr hydrostatic pressures from the water table in the 

coreare very dangerous (refs. 6, 9, 12, 14). Natural rock is a 

compact mass and 1ts resistance against movemcnts is ita wdght and 

friction against other blocks. l.'hen useful weight is decre~tsed due to 
buyance the resistance against movements decreases to about half. The 

wave situation dcpictect in Pig. 2d, therefore, is very dangerous 
because of the decp downrush •1ith slope submerged. It 1s thc 

most ctangerous wave trains, hydrodynamically speaking, which determine 
the stability·- or fatlure -. It ls a too often repeated mistake to 
b t " ,., ase tes son spcctra· w thout regard to sequences of waves. Laborato~ 

people have claimed that;they wcre included in the spectra,but after ti'::E 
fact','lmct witho~t dÍH1verlng proofs for that. They r:lOSt-likely ~1ere 
not; because e;enerators couli:i not produce them.- .Sometimos 1t was 
c·lai~ed that- sUch waves did not exist but this postulate was based on 
a lir:litect time rccording at only one place. It is also said that wavcs­

as shown in Pig. 2 are shallow water phcnomena. E..-::pericnce, hoHever, -- -- .. . 
shows that this is not correct either. They ha ve been obscrved in the 
niiddle. of oceans during storms, and are generally known as "freak 

waves" by sailors. The local wave mode or pattern varias along the 
breakwater and it is.of course the local waves situation which determin1 

the local forcea and it ~y 1nclude concentrat1ons of wave energy. Por 
a long breakwater 1t is therefore necessary to know the wave situation 
for. the· entire·:ctistance~along the breakwater. Break~<~'ater feilui'es 

often.happen in creas, where wave action for sorne reasons, which could 
be·the bottom topography-or wave lnteractions, concentrated. Convent­

ional head ·geometry by tuming the end inward crea tes such concentrat-
--ions. It-is- therefore much better for stabllity as well as for reasons . . . 

of navigation and sediment trnnsports to curve the head outwarct (ref. <:: 
This. 15. an old.Scandinavian e~perience now bcing utilized QOre and more 

elsewhere. 

UndeiT.lining of the wave screen or upper salid st:r!ucture. It is comn.::m 

practica to provide the crown of a rubble-mound breakwater with b 

wave· acreen. This m~y be a salid or block concrete structure1wh1ch 

shall arrest the upper part of thc uprush and turn it back towards 
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the nccan. In doing so the wave screen m~y be subjected to lar~e 

hori:>:ontal and vertical forces that means overturning rooment 

shear forces as well as ·rorces directed down against the slope. 
Overwash and solid oversplash may be avoided by a - mostly ex­

cessive - top elevation of the acreen. A vertical, or slightly 

curvod wall will, howevcr, always cause a downward directcd force 1 

which will try to dislocate the upper rock or block !ayer, thereby 

undermining the wall ~thich in turn may colle.pse seawards. This is 

a common failure at walls in the ~lediterrancan as wcll as in thc 
Atlantic. 

Overwash by salid water always presents a danger to the stability 

of the crown as well as to the inner slope {Fig. 1). t~.any railures 

started as crown failures or failures of the uppe·r part of the inner 

slope. This demonstrates the need for a strong dcsign.at proper 

elevation for the crown as _wcll as for the inncr slope. ~lodel studies 

using··_irregula~ wa_ves as _well -as _wiond -are of- grcat. value_, but 1 t 

should -be remembered that acale effects and t\iO-d1mensional1ty may 

·cause non-conservative results on uprush as well as stab!lity. 

This has been derno~strated by var!ous acc!dents and fatel!t!ee 

during recent years. In iül cases laboratory equipments were inadequa-:;~ 

~Li_ft--:UPS:. happ_en __ and through-washe_s w:hen t~~ _qo_re ma_teri_al _rmd/.o_~ 

filter leyer are so coarse that they let uprush water pass through or 

bel_o_w ._the wave screen, cxerting heavy uplift · forces on the wave-. 

screen and structural componcnts behind it (Fig. 1). _This may result 

-in failure of the superstructure or of the inside or the middle ---- - - --- .. 
section, sometimes producing a era ter in the crown or in a slide on -- - . - . . . ' - -. - - . -- . 
-the inside. ----'o-' ~-Crown -blocks of- ·. 
-- ---- ...... e ---- ---··. • ---- - - -- ·' 

_E;_uf[i_c_i_'ªr;t¡_ '<!e1ght1a w~tez:_tight part_ition wall below the wave screen 

_grouti_ng, and vent·holes include mitigative preventive steps. 

- --n--iti ·uñfórtun"ate -tha t'-1 t-So'ii\etimes· happens·'tha t-tl-H!'- desi(::ner····--· 

__ _:_;_makes 'excuses" =ror deficiences -in -the upper part of :the core 

·material. by providing only "venting" by holea in the crown block· 

or slab. Venting through relatives small holes :'"'-- .. is usually 

going to be minor compared to the actual necds for release of the 

wave-uprush induccd prcssure. The best is to mal<e the sub-laycr· 

-·below the wave screen im'permeable for water nnd nir -which may be 
• 

'urider high pressure. It is a professionally wrong philosophy -te 
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believe that water and/or air in quantities shall be nllo~1ed to pass 

through the upper part of a mound breakwater, p!!.rticularly when it 

has a fill or other structure"behind it. This has oany drawbacks. 

Sorne of thc most irnportant o~es are listad be!ow: 
(a) Endangcrs the stability of the superstructure as well as the 

1ns1dc slope. 

(b} May burst any pavement or any screen material inside the super­

structure, causing sparking springs or ngeysers" damaglng road 

pavements etc. 

(e) May cause faster dcteriorntion of the material below the super­
structure by waters rushing in (uprush) and out (downrush); the 
superstructure may then turn anti-clockwise; diagonal ruptures 
may appear in the slab. 

(d) May dnmage the upper part of theccore material below the coarse 

layer, which was placed below the superstructure¡ this !ayer ~ay 

be a continuation of a 2nd- or )rd-order armour !ayer: a by far too 
oftcn occurring severe mistake on the pa~t of the desi~er, who doe! 

not renlizc that he 1s not only releasing so~c water but .1s 
building up pressures below the crown slab. Such pressures may b~ 
aos high as lv ts/m2 ami therefore. need & hea.-.f lock to bloc),: t;;.~:;:: • 

. .. It is thereforc better to prevent'them. 

Toe erosion 1s also a common reason for fBilure at the lower part of 

the seaward side of a rubble mound Which is placed in ·.:.v sbnllo'i 
··water or where thc dep.th/wave height ratio is less than 2.o.·'Navcs 

are then clase to breaking and with standing waves which particularly 
occur for waves of long periods erosivo forces may develop severely. 

The worst case, howcver, is when downrush from the mound penetra tes 
down to tho bottom and a longshore current exist at the sa~e time. 
The measurc against this is a toe apron of rock placed on a mettrcss 

extending far enough out to prohibit direct attack by downrush on the 

bottom {ref. 2) •. Modal experimenta often tend to forgct thl s effect" 
which can be accounted for evcn in fixed bed models. It is a severo 

mlstake which has contributed to majar fatelities during recent years. 

Toes were too weak and after the disaster they could not oven be 
found. 

In coastal protection revetments with gentlc Slopes it is common 

to place a sheet piling to suppor~ the lower slope. 'Lollgshore 
currents may furthermore necessitate the lnstallation of·short "spur 

groins" along the toe wall. Sometimos, it is in this way possiblc 
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to obtoin and r.JSintain a small beach in front of the revetment, 

particule.rly if. the .spur groins are built as T-groins (ref. 9). 

Soil failures. It happens sometiroes that a breakwater has to be 

built on a soil.which is not very stronr,. lt may include soft silt, 

layers with a hlgh ~<•;ater content and thereby a low bearing capacity, 

which may cause turnover as ·~·ell t~S slidlng on or squeezin¡; of the 

soft layer.Soils cannot be said to have a large responsibility for 
recent failures because soils enginecring - contrary to wave 
engineerine - has been handled more adequately in the des~gn. 

Discrepancies of the sounctness of materials used for the construction. 

Natural !~aterials when c,uarried dernonstrate strongly varying charac­

teristics with respect tO size, geometry, hardness, wear by rubbing 

against othe"r blocks, resistance to shifting conditions of submer;;ence 

and emergencc, temperature variation, freezing and thawing etc. 

Various countries practice varying rules or standards for materials 

testins, sorne being more rigid than others. Generally it may be said 

that high specific gravity rr.at.erials like bnsalt~ are preferable if 

thcy are relntively easily quarried and give a reasonable ret"Urn of 

large blocks without too much dU'ferences in sideline ¡¡;eo!:lutry 

(a/b,b/c ~1.4 if possible). Dlocks must not be too stratified,as 

gneissic and shaley materials may be. Porous materials almost 

always deteriorate¡raster than dens.e materill.ls and ~reezing and 

thawing are detrimental to all not absolutely dense rnaterials. 

As thoroughly dtsCussed in ref, 2.by the PIANC's }rd Waves Commtssion, 

experience and testing should work hand in hand in selecttng al-1 

roaterials with the best structural characteristics or durability. 

This needless to 6ay 1S no less true for concrete blocks, 1nclud1nc 

those which contain reinforCing steel. Sorne of the, usually patcnted, 

concrete blocks of involved geometry.are rather prone to breakage 

dur!ng their placement as well as in.the introductorily phnses of 

adjustment of thc mound after construction. In sorne multilcóged blocK 

mounds a great number of blocks were found in broken conctition at 

places wherc they - in ract - had not been cxposed to wave action. 

Such block fnilures are dealt with in nu~erous papera during recent 

years ~11th refercnce to particular bloclts. The author has abstained 

rrorn "advcrt1sing" .these papers and reporta which are availnble in 

proceeding::J by The .a.m. S oc. of C1.v1l ~gineer.s.. The POAC and Coastal 

LTig1neer1ng Confe~ences. 
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Peor work~anship. Nost contrnctors ha ve no destre whatsoever to 

produce peor c;uality work which may be harmful to their reputation 

and future business, But regardless of this.! accidents do happen. 

The :sraded fllter layers which r.13Y be included in a r;10und struc:ture 

are ensy to draw en a plan but always dlfficult to r..ake. Variutior:s 

in ~terials as well as in placement may cause "points" of weaker 
stability. Also the worl:ing procedures accepted are not ec;unlly 

considera te of. or adaptable to the r.~aterials used. As an cx.ample: 

floating rigs are often used for construction, particularly whcn 

material supplies are brought in b;,' barges. Placement by floating 

rigs operating in wave-cxposed arcas oftcn causes r.1uch downtime. 
As an indirect resu1t thts may then become responsib1e for more 

breakage of (concrete) b1ocks, part1cu1ar1y those with s11m e1el:lent.s. 

This in turn may introduce sources for failurcs. Strict supeTvision 
1s therefore an urgent requtrement. Broken b1ocks ~hou1d be rejected, 

at 1caat as the first armour 1ayer (rers. 8, g). 

As it mny be rea1ized a mound structure is no easy structure to'bui1d. 
It requires know1edge and skil1s beyond rough mechanica1 experience. 
As 1uck wi11 have it, mound structures, part1cu1ar1y those which have 

no wave screen on the top to comp11cate ~tters, usuall:;¡ break do;.m 
in ~ re1atively "grncefu1" way. aut damages 'may tend to accelerate in 
the second sta,;~<;- ~f Qevelopment of fai lures. Natural blocks are bes::. - . Many artificial block 1ayers p1aced in steep slopes disintegrate fast 

once Uama5e has started. It is therefore most lrnportant not to allow 
any important first-phase damage for such b1ocks. If so the second, 

third and fourth phases rr~y come ·overnight, (Fig. 1). Only a few 
comprehenslve studies on the reasons for heavy damage to breab;aters 
he. ve .been undertaken. Known to the author is the report "Di~n~tcrs of 
Breakwaters by Wave Actlon" by Hldeo Takeyatr.a and Taneklyo t!akayzu::.a 

published"as "Technical !Jotes of the Port and Harbour Research 

Instltute'' in Tokyo, l·larch 1975, and l·tith pero1ss1cn reprint.ed by the 
U.S. Dept. of Commerce, Natlona1 TechniCSl Informatlon Servlce, 

Spr1ngfield, Virginia (~2161). lts synopsis says: 

"More than )o.ooo.ooo Yen have been expended ~n restoratlon of soee 
63 hreakwater~ damnged by wave act1on between 1065 nnd 1972· Co~parat-

1ve data are presented for 63 examples in 49 l~rbours where so~e 
damage to the actual catssons wtis noted, encompassing calsson break­

waters damaged aurlng constructton to those rinished at 1east wlth a 
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concrete covm•ing. Diagrams show the breakwatcrs befare darr.e.gc was 

sustained, thc dnmaged condition, ~nd the restored cross section. 

Simple analyses are attcmpted on the total number of breakwaters 

' bctween 1965 nnd 1972 in arder to clarify any trends in brea~water 
damage. n 

Most failures citcd are failurcs of caissons or combinad structures, 

surprisingly many failures by shear and also many overturn nnd toe 

damages. Failures of ~ounds demonstrate the charncteristic ~evclop~ent 
of an S-slope geometry. Overwashes destruct thc crown and structures 

behind it. Analyses of reasons for the damages, however, were not 
undertaken in detall. There is, however, a :.o.nsiderable experience 

available elsewhere. With respect to rock: mounds the Scandinavian is 

the most. comprchensive and include facts observed by still as \~ell 
as moving pictures during storms and breakdowns. Thc rccent years 

majar failures of multilegged block~ at Arzew el Djedid, 
Algiria, Tripoli, Tripoli, Sines, Portugal and St. Cyprian 

' 
, Spain have contributed to understanding of the problema. 

In all cases the lack of adequate wave data and proper analyses, 

insufficiant laboratory experimenta, lack of consideration to basic 

'the responsibility. Poor construction without proper supervislon oade 

conditlons of stability worse. 

• 

From the above mentioned it ls apparent that the massive (overall) 
_failures may be a _result-ar "alides" dueto "mammuth" waves or weve 

groups causing high up - and l~w down rushcs. (rcsonance). SuCh slides 
may be a combincd result of lifting of blocks by up and downrushes, 

bydraulic pressure from inside the mound and toe suction in the 
breaking or collapsing wave (rers. 5, 6, 12, 14, 18). lnadequate 
friction between armou~ and sublayer as explained in soil mechanic 

terma in refa, 5 and 9, loas of s1de.frict1on and 1nterkn1tting, 
build-up or pressurcs inside the mound due to low permeability of 
sublayers and/or core share the respons1b1l1ty, (refs. 6, !l, 9, 12, 1.::) 

Single blocks w~y leave thc mound by comb1nat1on of impact, 11ft and 

drag forces and thereby leave a wound ror further expañsion. Units 
may suffer structural f"silures due to overloads or statlc as well as 

dynamic nature. In sorne mounds of rnultllegged.blocks the largest 
number_or broken blocks wcrc found in the lowermost part of the 

mounds. Comparlng rock te concret"c blocks lncludlng box_and mult1..:_ 
legged the dsmage picture now experienced in numerous cases ls.~ 

aeen in Fig. ), (rer. 8). Brcakdown, when lt f"irst starts, takes 
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place rapidly for the multilesged blocks_ while rack mounds are more 

tough. Fig. 4 (ref. 8) explains this further in compar1ng the brea~­
down in relation to duration of storms of steep slopes like the 

multilegged to the breakdown of more gcntle slopes, like rack mounds. 

lt also gives a description of the time developmcnt of slopcs of 
natural u.aterials and artificial !llll.terials. In between the r;,olltileggcd 

·concrete mound~ and the rack mounds one may place cubes or parallello­

pedic blocks of concrete on relatively gentle slopes. The experience 

with such blocks has been relatively good e.g. in Europeport in Holland 
and even better if they were groaved on four sides, relees1ng inside 
pressures, as the 
and in Mexico. 

n • ·n Antifer-.blocks used at severa! places i~ France 

USE OF FOffi.:ULAS. ITS SHORTCONINGS. 

Many for"llllllas have been proposed, but the~· all look alike. The original 

:formula by Iribarren was argued ~emi-theoreticallY nnd included • 
dynamic as well as soils-aspects (frictlons). It was the :firnt 
'"''" hQ'h1u ._ .. ~ h n .. '"---·•- •-~., "•-•~·~•- -""• • • • • .... D----4 -··- -e-~ - ~~ ...... ~ ... '""""~"• ·'-'"-'-"""-'-u""' .Lt>I"IS"--'-Y o.;r1eo 

" . . by with leas , obscuring understanding of the forces involved 

hyd:-o-

to 
in 

" ge. 

fo¡;gy 
coefficients, often based on laboratory studies without consideration 

to wave hydrodynamtcs and hydroctynamics in the interaction processes.· 
.. 

Fig. 5 is Fig. 9 _in Report by the _PIANC 

Association of Navigation Congress) rcport by the 2nd Waves Commission, 
(ref. l). lt explains the in.adequacy or" relienccs on formulas very 

éonvincingly in its Christmas tree of greatly vnrying results. 

The.conclusion of the Commission on thc use of thcsc formulas ie cx­
preased as follows: 

"In view of the above-mentioned discrep3ncies between the vartous 

formulae and the various questionable schematisations involv(>d, the 
Commission considers the present stability formulae for rubble mound 

atructures to ha ve significant limitations. It is only for a preliMinary 
assessment of the dimensiona of quarrystone armour units that the forGUl~l 
rn1ght be applied." 

pr0fessiomil internatior:al } It is unlikely that such ntatcrnent by a highly 
committee would have becn made, unless it was well argued. It is therefo~ 
not either oorreot to olaim that "the formulan has proven itself on 

normal rack structures. On.the contrary. It has not. Aud how could 1t 
do so ? Which actual wave or wave condition does it refer to 1 
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Justan average "cocktail" - with a coefficient put on based on 

laboratory tests with sorne more or less arbitrary _._ not hydro­

dynamically reasoned wave inputs. Two majar errors in the formulas 
are obvious. One la as well lmown from multiexperiences..-, that in 

nature 1t ~as certainly not the highest wsve whlch knooked down the 
breakwater but rather en attenuatlon stage wave cond1t1on (refs. 6, 
7~ 13, 2o, 26). Consequently the formulae m1s1nforms ita u~er. The 
spec!al dangerous waves, 1ncl. wsve groups (ref's. 4, 6, 22, ·26, 27, 2E) 

and single (~~mmuth) waves (refs. 4, 9, 13, 14) are not lncluded 
in the formulae, but their devastatlng effccts are well lmown - no~/ 

' also f'rom movles taken during storms which cl.early demonstrat<::! t.hat 

it was not "heig.ht" but the "l:lass" and momentum which caused the 
extensive da~~ge. This - not least - is seen from the famous Icelandic 
movie (Jan. 1981) from Akranes , Iceland. It is therefore .utterly 
dangerous to use such formulas blindfolded, without any attempt of 
understanding. This does not only refer to multilegged blocks, but also 

' 1 to rock mounds. All "dangers" or "conditions• of wave lolOtion cannot 
• 

possibly be accounted for 1~ a K-value. The K is by itself hig.hly 
V!".r!at>l"-' d'.'"~ew!in¡;:: upon spec!al eharact~rist;!r.s of WWI'> >~nt:1on: hloc>< 
placement, frictions and peiT.leability •. Just a little stocastic 
exercise should be able to convince aryybody with a basic education in 
the physical aciences and anybody who has a. compZ.ehensive experience 
as well~ There is·a good understanding between these_ two. In the 
field we observe facts- notfo:nnulas. Many sbare Mr. -Lacey's view­
points (ref, 8), but progress in the waves versus structures field 
was always achieved by a combination of baste (hydrodynamic) under­
standing and practica! experiences as thcy were observed in the field. 
It- is in this respect preferable to let the r1eld educa te the la borato~ 
- not vice versa, althoug.h rnany laboratories sccm to believe in the 
opposite, (refs. 25o 29}. Nature doesn't. To this lllUSt, unfortunately, 
be added that many laboratory tests wcrc run without prcper considerat­
ion to scale effeets {refs. 25, 29, 31). Formula practiccs, however, 
are also illogical from an eeonomic point of view. By analysing details 
of wave mechanics and interior mound hydraulics and geotcchnics ene 
will be ablc to meke probability-based Judgement·as to whieh faetors 
are the most pert1nent for obtaining of stability in the' most economic 
way, This 1s not least urgent for large structures. And there l.:!'not 
:meh things like "shallow water" and "deep water" hydrodynamics and 
economics. It is all the same - in different seales only. This is 
obvious for everybody who has secn thc wave strueture 1nteraction 
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~ FUTURE EFFORTS 
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Efforts, therefore, m~st be concentrated on nfield and physics" not 

on further "coefficients" and not en more "cocktail-tests". And basic 
hydrodynamics is the same in shallow and in deep water. What. was done 

wrong in deep was done equally wrong in shallow water. It only looks 
much worse in the deep waters. First of nll there is an urgcnt need 
for wave data and understanding of the hydrodynamics of wave groups 
of all kind~ of &eometries and time-characteristics. But progresa 1 

la being gained (refs, 4, 11, 13, 22, 24, 26, 27). We are also leami::.¿; j
1 

more about ex:treme wave he_ights (refs, ), 15, 21) long-term distrib-

,utions (refs. 16, 17 •. 23) and the limited height of breaking waves ' 
\(ref. )o)._ Th7 v~ry irnportant ,Jo1nt-d1str1.but1on of hei!;hts and · ¡ 

· periods have been explorad extensively (refs. 6, 12, 14, 19, 2o). , 

Next laboratories rnust adjust their practicas to the reproduction of 

hydrodynamic facts and give up ".spectral tests" as a sole input. 

Toó many failures, including those experienced during recent years in 

the Ncrth-.:.+;l:::.~t:!.c .e.:J.d 1:: thc 1-'!cditcr:-;'!nean. c:'lr. !::. ~=-t be cho.r;,;cd >;:::: 

inadequate labora.tory experimenta based on inadequate wave data. Wave 

data must be right (refs. 6, 13, 21, 25, 29). The difficulty with 

' 
i 
' 

rcspect to wave data of course líes in.thfitime ,1eeded to procure the 1 

nllcessary 11ave data. One year of observation may suffice for conditic:::s. 1 

in the low latitudes, but elsewhere a minimuc of 3 years ere needed 

(rers. 1, 5, 13, 16, 24). The result is that one must depend upon 

hindcasting procedures, but hindcasting still is unable to give tbe 

deta~ls or secuencies of waves of particular danger. Although wc kno;;­

morc about ¡;ro'-lpin¡:;;, the hydrodynamic ilr.plications are not fully 

clarified. We are able to qualify but not to quantify,; Conoequently 

we bave to design on assumptions regarding extrapolation of available 

d8ta and "synthetic' sequencies". In doing so we need sorne kind of a !:.es.t 

and no other base than 

(rers. 15, 16, 21, 30 

one then has to design 

extreme ~lave height theories and d:!.str1butions 

) is available. Out_ rrom "the extreme height~ 

the deta1ls of wave sequencies. It will or 

course be ver~ ln~dc~u~te (scnseless) to use nrormul~s", but 1t has 

~een (is be1ng) done. The unfortunate situo.tion is that wave st.atisti::S 

has for long been. "runnine; the show" and 11 practic1ans" (often people 

who never saw storm waves on·a breakwater) accepted whatever stntist1CS 

1 
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Fig. ~. Schematic description of breokdown of rubble 
mound in relotion lo duration of storms. 
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FIELO PROGRAM STATUS ANO NEEOS 

DOS BOCAS ANO OSTION 

The wave program is needed for the evaluation of stabilities 
as well as for littoral drift calculations as mentioned later. 
The Ressio-report will be available in ab. 8 weeks-from now, 

(end of March) 

It shall be used for model input by wave spectra as well as 
for long term and extreme wave statistics. 

It is pointed out that for the evaluation of stabilities it 

is not possible to transfer shallow water data from one site 

to another, unless bottom topographies are ide~tical and they 
are not at ·oos BOCAS and at OSTION. lt is suggested that the 

program continues until a certain level and then levelled off 

as a permanent program for the future. 

Current observations of Dos Bocas should continue through 1982. 

For reasons of navigational safety one current meter should 

continue operation at Dos Bocas on telemetry .one current meter 
should be installed at Ostfon. 

Sediment research wfll completed at Dos Socas in 1982 arart 

from math model studfes of shore developments. It would be an 
advantage if a wave rider and a current water could be insta­
lled at Dstion. Trinsfer of deep water wave data is possible 

but has to be calibrated by near shore observa~fon. Soil 14ech! 

nics by probing and sampling is elaborate at Dos Bocas. ~or 

Ostion a cambined seismic and calibration by drilling project 
is suggested. 
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DOS BOCIIS 

The status is that a fe•< experi'7'ents have been run, othe.-s rer.o:dn to be 

run. · (hanges have been """de in designs rr.atdng it necessary to ·re- 'run 

se><:le tests. This refers to entrance layoun and agit<Hion {mooring) as wel i 

asto breúwater stabilities. 

Other exper-iments include :agitation (mooring/fe<>dering)" tes u on various 

._stasw_s o_f ~ey_elo¡>roents, __ s_ei_c_h_e_-_ t"sts with párticular references to tl1e 

. interior ca.·.als and basins, ~~ter cxchange experiments (pollution) and - - - - . : - - - - . . . . . . -
. ' 

test on accideflts, tests on the development of beacll configurat'oons and 

te!>tS en [:l<lneouvering.· So.-,e teH ;or" 1nath"mdlÍ<.dl, olh.,r ao·e ' ' ' 1" 1 Y~'""' .. 
-othe~s again are co:nbined, See later in Table 1. 

- -· . 

- - -- ' 

- -- -

The status is that no experiments have been run. The needs are 

the same kinds ·of experiments mentioned above for Dos Bocas, 

.but coordinat ion and transfer of certain types of resul ts is 

.P<?SS_ible (Tab]e 2) 

PB'mev . 

. . 





.... 
' 

• 

Practica! and Economic A~oroack 

In arder tkat On experirnent· ~kall run to secure rel iable resuln of great 

economic importance adequate experience and equipm2nt is necessary. 

Expericnce is somHking wkich can only be achieved with time. lt takes 

5-10 years to educatc a laboratory engineer in an advanced laboratory, when 

it is ah:ays the senior engineers who take the decisions. Transfer of 

lilboratory experience, therefore, is" a slow process . 

1~ :hi~ rcspect 1 went to call to the attention ccrtain 

"standard- errors" which are often made as described. ~-

below. do that in arder that Mexico can avoide maklno 

thcm also. 
. .. '---·. 

Brazil bought ~-5 ye<~rs ago ccrtain ncw laboratory equipment (Similar to 

what now is bcing introduccd in Me;.ico). They got certain technicianS 

{young cngineerl assinance to calibrate and run it for ayear to train. 

The result has beco numerous delays due to lack of additional equipment 

and errors made duc to \ack of experience (an inexperienced peo ;on thinks 

that he sti\1 can make it in thrce weeks, what an cxpericnccd pcrson nceds 

thrcé month~ todo), 

Ourlng the "c~libration-process" it WilS_ necessary to purchase addition¡>) 

equipmerlt. Thc l11ck of propcr rcpair shops, c.arpenter, mechilnic¡>J al< wcll 

ilS c~~ctrical, <Ond "' "dcvclopment-dcpartmcnt". which is necessilry in ord"cr 

to introduce thc chilngc.s in an additional procurcmcnt of matcriill was 
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• 

klaerie 

A laboratory has been built by the govcrnmcnt 3-4 years ago. S;;c.e 

equipmen~ as in Me~icc, but it has, at this time, preven to be ~-;;:ire\); 

uscless dueto lack of trained people and ade:¡c:ate equipr.tent. (Sellers-

of laboratory equipment told the govflrnment that they had al\ they needed, 

but this proved to be incorreet. An import (young) forcign personnel 

failed to changc the situation. 

Ceylon 

A labor<;tory ·¡:,¡,-;;-becn bu¡ 1 t ~-b'Ci:~r~·· TS-;-I.,ck-ol'-t"ra i ñed peo-¡ilé 2s ·we \ 1 

as equipmerit (iÍke··Ai9Criei::·An' imp~h-br foreign"personnel us now 

attempcd, but only young inexperienced persormei. can¡,.,"¡,¡_,.¡,,,,_:.,,,~ ii: 

wi\1 be necCssary to pr~cure_ a lot of additional equipm~nt. This i$ alw2y~ 
. . . 

tha case, and good part of it is 50 special tilat it ha5 to' be produced on 

.the 5ite, 

' 
- ..... 

' ' . -- .. ;. . ' -.. : : ¡ : .. .e ' 

. : : : ¡ . -· " - .. 

' . . ' 

' 
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The mistakes made at thcse place may also be characterized 
as fo\lows; ,, 

a) The car_ is put in front of the horse inst.::ad.of the t;>posite. 

b} lt is b"elieved that in arder to bec=e a dentist y;>u just need 

to purchase sorne "dr.illing -equipment", ¡¡nd then start 

drilling". 

• 

e) \t is believed that in arder to become a m<!dical doctor in surger)· 

you just want to buy a saw, a dril\, a chiesal, eto::., then go 

·ahead, you ~:~ay of course aho hire a nurse or medica\ tectmiciar, 

to assist you. Results werc faulty (Algerie and Brazil). : . 

.;) dnJ ¡,. urdcr Lo become a fircr,¡an you just purcnase a fire 

truck, etc. 

The indeed sad situation is that "sellers" of laboratory 

equipment often make the-purchaser believe that he just 
needs that. But he needs a lot more. 

As an ·ol-d-timer in Mexico 1 ha ve the desire of aboiding 

errors and instead suggest a sol id foundation for real 

progress, independent of foreign equipment and mode1s, 

but to do that, we need training, ·and the untrained per· 

sonnel often does not real ize that he has on1y inadequ_! 

te know1edge and experience, but it is much better to 
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learn for three years and then to do thincs right instead 
of dclivering poor rcsults" irnmediately". 

Training my be obtained in basically two differente ways: 

1. By stays in Jdvanccd laboratories for minimum thrcc 
years, training to"take-over". 

2. By over-lapping and parallel cxperimcnts in the case of 
a dcdicated person who stayed three years to learn. the 
often used " supervis ion " byyoung unexperienced engineers 
produce..: "little but troub\e" 

Regardlng 2) suggcst the following: 

Considering the above mentioned experiences and knowledge 
·have made up an integrated program for DOS BOCAS and OSTIOII 

undcr thc assumptions of efficiency, training and economy 
(Tablc 1 on test, and Table 2 on timing5) 

• 



• 



• 

CURSO: 

"INGENIERIA HARITIMA" 
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